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(54) ELECTRON-EMITTING DEVICE AND ELECTRON SOURCE COMPRISING THE SAME, 

FIELD-EMISSION IMAGE DISPLAY, FLUORESCENT LAMP, AND METHODS FOR PRODUCING 
THEM 



(57) Disclosed are an electron-emitting element 
having a large operating current at a low operating volt- 
age and excellent operation stability, and an electron 
source, an image display device and the like utilizing 
such an electron-emitting element, and further a method 
of fabricating such an element with few process steps 
at low cost. A cold cathode member is configured utiliz- 



ing hybrid particle of a first particle serving to emit elec- 
trons into the space and a second particle being in the 
vicinity of the first particle and serving to control the po- 
sition of the first particle. In this configuration, it is pref- 
erable that the first particle have a higher electron emis- 
sion efficiency than the second particle and that the sec- 
ond particle be conductive. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to an electron- 
emitting element for emitting electrons, an electron 
source configured utilizing such an electron-emitting el- 
ement, and an image display device and a fluorescent 
lamp configured utilizing such an electron source, to fab- 
rication methods thereof, and further to a method of 
forming a pattern that can be suitably applied to such 
fabrication methods. The present invention is described 
below in two parts: a first invention group and a second 
invention group. 

[0002] (Common remarks) First, the general meaning 
of the term "particle" as used in this specification is de- 
scribed. The term "particle" as used herein means a sol- 
id that exists individually and independently and does 
not specify shape. Examples of shapes of the "particle" 
include sphere, oval, column, rod, grain, cylinder, nee- 
dle, tetrapod, and plate, and in a case where shape 
needs to be specified, a term that describes the shape, 
for example, such as "fiber-like particle," is provided. In 
addition, the term "particle" as used herein denotes one 
particle or two or more particles. It should be noted, how- 
ever, that for a particle that is two or more particles in its 
normal state, the term "particle group" is sometimes 
used. However, this case also is not meant to exclude 
a particle of one. Further, for simplicity of description, 
single particle, agglomerated particle, and hybrid parti- 
cle may simply be referred to as "particle." Meanwhile, 
"aggregate" particle means that made up of two or more 
homogeneous particles grouped together. The term "hy- 
brid particle" means that made up of a plurality of parti- 
cles having different shapes and/or made of different 
materials grouped together. Aspects of the present in- 
vention are divided into two parts, a first invention group 
and a second invention group, and are described in that 
order. 

BACKGROUND ART OF THE FIRST INVENTION 
GROUP 

[0003] In the past, for electron-emitting elements, the 
"thermal emission type", in which a high voltage is ap- 
plied to a material such as tungsten that has been heat- 
ed to a high temperature, had been predominant. How- 
ever, in recent years, research and development for so- 
called "cold cathode type" electron-emitting elements 
has been actively pursued. Against this background, 
rod-like fine particles such as carbon nanotube and car- 
bon fiber have received attention as the component ma- 
terial (cold cathode member) of a highly efficient elec- 
tron emission source in the cold cathode type (field 
emission electron emitter) because of their high aspect 
ratio and small radius of curvature of the tip. 
[0004] For example, it has been reported before that 
bundled carbon nanotubes are capable of providing an 



emission current density of as high as 400 uA/cm 2 with 
a turn-on voltage of as low as 64 V. It should be noted, 
however, that in order to use carbon nanotube as a high- 
ly efficient cold cathode member, it is required to provide 
5 electrical continuity between the electrode and the car- 
bon nanotube by contacting the carbon nanotube with 
the electrode surface and to make the carbon nanotube 
stand substantially perpendicularly to the electrode sur- 
face. However, no techniques have been reported which 

10 allow carbon nanotube to stand substantially perpendic- 
ularly over a large area with good productivity. 
[0005] De Heer et al. discloses a technique in Sci- 
ence, vol. 270, p. 1179 (1995) in which a suspension of 
carbon nanotube is passed through a ceramic filter so 

15 that the carbon nanotube is stuck in microscopic holes 
in the surface of the filter, and subsequently, the filter is 
pressed on a plastic sheet, thereby transferring the car- 
bon nanotube on the plastic sheet. It has been reported 
that this technique made it possible to form a two-dimen- 

20 sional array of the carbon nanotube standing substan- 
tially perpendicularly to the plastic sheet and to obtain 
field emission of electrons from the tip of the tube. 
[0006] However, in this technique, the continuity be- 
tween the carbon nanotube and the electrode is hin- 

25 dered by the plastic sheet, and thus the operating volt- 
age for electron emission increases. In addition, a ce- 
ramic filter with a large area is difficult to obtain, making 
it difficult to obtain an electron source that is patterned 
on a large area. 

30 [0007] Japanese Unexamined Patent Publication No. 
10-149760 discloses a technique that utilizes carbon 
nanotube or fullerene as an electron emitter material in 
a field emission cold cathode device. Specifically, a plu- 
rality of electron emitters are configured utilizing a plu- 

35 rality of carbon nanotubes that are arranged on the sup- 
porting substrate like fallen trees lying on top of one an- 
other. The carbon nanotubes in this case are formed, 
for example, in a manner such that the carbon of the 
anode electrode is sublimated by arc discharge and the 

40 resultant substance is then precipitated on the cathode. 
The precipitated carbon nanotubes are grouped togeth- 
er and then disposed on the electrode by a method such 
as coating. 

[0008] However, with this technique, the carbon nan- 
otubes tend to lie substantially parallel to the supporting 
substrate, which makes it difficult to arrange the carbon 
nanotubes so as to be substantially perpendicular to the 
supporting substrate. It should be noted that fullerenes 
are very small and thus cannot support the carbon na- 

50 notubes and make them stand. In other words, with this 
technique, the positions of the carbon nanotubes cannot 
be controlled sufficiently, and therefore it is difficult to 
obtain a cold cathode member having highly efficient 
electron-emission characteristics. 

55 [0009] Moreover, Japanese Unexamined Patent Pub- 
lication No. 10-12124 discloses a configuration of an 
electron-emitting element that utilizes carbon nanotube 
as an electron emitter. An electron emitter with this con- 
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figuration is such that carbon nanotube is grown, by ca- 
talysis of a metal catalyst, in pores which are regularly 
arranged in an anode oxide film. This configuration and 
its fabrication method, however, require a great amount 
of time for the formation process of carbon nanotube, 
and therefore are not considered to provide satisfactory 
productivity and thus are not practical. 
[001 0] Furthermore, since both of the device configu- 
rations disclosed in the above-mentioned Japanese Un- 
examined Patent Publication Nos. 10-149760 and 
1 0-121 24 are weak in that only one end of each carbon 
nanotube is in contact with the electrode supporting sub- 
strate, the interaction between the supporting substrate 
and electrons is unstable, causing a problem of unstable 
operating current. 

[0011] Meanwhile, in order to solve these problems, 
a technique is proposed in which carbon nanotube is 
stuck, by electrophoresis, in an organic pofysilane film 
having been irradiated with ultraviolet (UV) rays, thereby 
making the carbon nanotube stand in a direction vertical 
to the supporting substrate (Reference: Nakayama et 
al., proceedings of Pan-Pacific Imaging Conference/Ja- 
pan Hardcopy '98, p.p. 313-316, sponsored by the Im- 
aging Society of Japan, Tokyo, July, 1998). This tech- 
nique is described with reference to Fig. 11 . 
[001 2] First, a liquid such that carbon nanotube 1 1 01 
is dispersed in isopropyl alcohol is poured into an elec- 
trophoresis chamber 1104. Next, an electric field is ap- 
plied, using an external power supply 1107, between a 
flat plate electrode 1105 in opposition to a supporting 
substrate 1 1 03 and conductive layers 1 1 06 patterned on 
the supporting substrate 1103, whereby the carbon na- 
notube 1 1 01 is aligned in the direction of the electric field 
and at the same time is transferred, by electrophoresis, 
onto the conductive layers 1 1 06. It should be noted that 
prior to electrophoresis, only organic polysilane films 
1 1 02 on the conductive layers 1 1 06 are subjected to ul- 
traviolet irradiation. By doing this, the Si-Si bonds of the 
organic polysilane films of the irradiated portions are 
broken and the films become porous, allowing the car- 
bon nanotube 1101 to be selectively stuck in the porous 
portions. That is, with this technique, the carbon nano- 
tube 1101 can be selectively arranged on the organic 
polysilane 1 1 02 provided on the conductive layers 1 1 06, 
by the electric field during electrophoresis, and can 
stand substantially perpendicularly. In addition, by pat- 
terning the organic polysilane 1 1 02 with ultraviolet rays, 
a region where the carbon nanotube 1101 is to be ar- 
ranged can be freely set. 

DISCLOSURE OF THE FIRST INVENTION GROUP 

[0013] The above-described technique for making 
carbon nanotube stand by electrophoresis, is, however, 
restricted in that organic polysilane must be used. For 
example, when an electron-emitting element is utilized 
in a display device, a process of enclosing the electron- 
emitting element in a vacuum vessel (fritting process) is 



required, and in this fritting process the device under- 
goes a high-temperature process at 400 to 500°C. Dur- 
ing the process, the electron-emitting element inside the 
vessel is heated as well, and therefore the organic 
s polysilane is pyrolyzed and disappears (the organic 
polysilane is decomposed at 300°C). That is, by under- 
going the fritting process, the carbon nanotube that is 
fixed and held by the organic polysilane is collapsed. 
Consequently, the operating voltage of the electron- 
ic emitting element increases and the operating current 
decreases, and in the worse case, electron emission it- 
self does not occur. 

[0014] On the other hand, even if a high-temperature 
process is omitted so as to prevent the organic polysi- 

15 lane from decomposing, because of the low conductivity 
of the organic polysilane, the electrical connection be- 
tween the conductive thin film and the carbon nanotube 
is hindered; as a result, it becomes difficult to realize 
electron emission from the carbon nanotube. In other 

20 words, the above-described technique has problems of 
an increase in operating voltage, great fluctuations in 
operating current under a certain operating voltage, and 
unstable element characteristics. 
[0015] Furthermore, in the fabrication process, irradi- 

25 ation of ultraviolet rays must be performed after masking 
a portion where the carbon nanotube is not intended to 
be stuck, contributing to a cost increase. 
[0016] The inventions of the first invention group are 
intended to solve the foregoing and other problems. 

30 [0017] Objects of the first invention group are: 



(1) to provide an electron-emitting element with 
which a large operating current can be obtained at 
a low operating voltage and which has stable elec- 
tron emission characteristics; 

(2) to provide a fabrication method of such an elec- 
tron-emitting element with few steps and at low 
cost; and 

(3) to provide a field emission display device and a 
fluorescent lamp utilizing such an electron-emitting 
element and fabrication methods thereof. 



35 



40 



[0018] In order to achieve these objects, the present 
invention is configured as follows. 

45 [0019] According to a first aspect of the first invention 
group, there is provided an electron-emitting element 
comprising at least a first electrode and a cold cathode 
member disposed on a support member, wherein the 
cold cathode member is made up of hybrid particle of at 

so least a first particle and a second particle, the first and 
second particles having different electron emission effi- 
ciencies. 

[0020] According to a second aspect of the present 
invention, in the electron-emitting element according to 
55 the first aspect, the second particle controls a position 
of the first particle. 

[0021] According to a third aspect of the present in- 
vention, in the electron-emitting element according to 
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the first aspect, the first particle is rod-like or plate-like; 
and the second particle controls the position of the first 
particle so that the first particle is positioned at a certain 
angle to, not parallel to, the first electrode. 
[0022] According to a fourth aspect of the present in- 
vention, in the electron-emitting element according to 
the first aspect, the first particle is mainly composed of 
carbon. 

[0023] According to a fifth aspect of the present inven- 
tion, in the electron-emitting element according to the 
fourth aspect, the first particle includes one selected 
from the group consisting of graphite particle, carbon 
nanotube, and carbon fiber. 

[0024] According to a sixth aspect of the present in- 
vention, in the electron-emitting element according to 
the first aspect, the first particle is nanotube having an 
atom such as carbon, silicon, boron, nitrogen, and oxy- 
gen fixed thereto. 

[0025] According to a seventh aspect of the present 
invention, in the electron-emitting element according to 
the first aspect, the second particle is substantially 
spherica). 

[0026] According to an eighth aspect of the present 
invention, in the electron-emitting element according to 
the first aspect, the second particle is made of an ag- 
gregate of sphere-like particles. 

[0027] According to a ninth aspect of the present in- 
vention, in the electron-emitting element according to 
the first aspect, the second particle is conductive. 
[0028] According to a tenth aspect of the present in- 
vention, in the electron-emitting element according to 
the first aspect, the second particle is whisker. 
[0029] According to an eleventh aspect of the present 
invention, in the electron-emitting element according to 
the tenth aspect, the second particle is mainly com- 
posed of at least one selected from the group consisting 
of a titanium atom, an aluminum atom, a boron atom, a 
carbon atom, a silicon atom, a zinc atom, and an oxygen 
atom. 

[0030] Acco rd i ng to a twetfth aspect of the p resent i n - 
vent ion, in the electron-emitting element according to 
the third aspect, the height of the second particle is 
smaller than the size of the first particle. 
[0031 ] According to a thirteenth aspect of the present 
invention, in the electron-emitting element according to 
the first aspect, between the cold cathode member and 
a second electrode, a third electrode is disposed for con- 
trolling the number of electrons emitted per unit of time 
from a surface of the cold cathode member. 
[0032] According to a fourteenth aspect of the present 
invention, there is provided a field emission display de- 
vice comprising the electron-emitting element in accord- 
ance with the first aspect, wherein a surface of the cold 
cathode member of the electron-emitting element func- 
tions as an electron emission source of the field emis- 
sion display device. 

[0033] According to a fifteenth aspect of the present 
invention, there is provided a fluorescent lamp compris- 



ing the electron-emitting element in accordance with the 
first aspect, wherein a surface of the cold cathode mem- 
ber of the electron-emitting element functions as an 
electron emission source of the fluorescent lamp. 
s [0034] According to a sixteenth aspect of the present 
invention, in the fluorescent lamp according to the fif- 
teenth aspect, a second electrode is disposed so as to 
cover the first electrode. 

[0035] According to a seventeenth aspect of the 
10 present invention, there is provided a method of fabri- 
cating an electron-emitting element comprising at least 
a first electrode and a cold cathode member disposed 
on a support member, the cold cathode member includ- 
ing hybrid particle made of a first particle and a second 
fs particle, the method comprising at least: forming a first 
electrode on a support member; dispersing a first parti- 
cle over a surface of the first electrode; and forming a 
cold cathode member by dispersing a second particle 
over the surface of the first electrode. 
[0036] According to an eighteenth aspect of the 
present invention, in the method of fabricating an elec- 
tron-emitting element according to the seventeenth as- 
pect, the first particle and the second particle have dif- 
ferent electron emission efficiencies. 
[0037] According to a nineteenth aspect of the 
present invention, in the method of fabricating an elec- 
tron-emitting element according to the seventeenth as- 
pect, either the first particle or the second particle is par- 
ticle for emitting electrons and the other one is particle 
for controlling a position of the particle for emitting elec- 
trons. 

[0038] According to a twentieth aspect of the present 
invention, in the method of fabricating an electron-emit- 
ting element according to the seventeenth aspect, the 
step of forming a cold cathode member is such that the 
second particle is dispersed after pressure is applied to 
the first particle that has been dispersed over the sur- 
face of the electrode. 

[0039] According to a twenty-first aspect of the 
present invention, in the method of fabricating an elec- 
tron-emitting element according to the seventeenth as- 
pect, the step of forming a cold cathode member is such 
that at least the second particle is electrically charged 
and the second particle is dispersed over the first elec- 
trode in an atmosphere where an electric field is applied. 
[0040] According to a twenty-second aspect of the 
present invention, there is provided a method of fabri- 
cating an electron-emitting element comprising at least 
a first electrode and a cold cathode member that are 
disposed on a support member, the cold cathode mem- 
ber including hybrid particle made of a first particle and 
a second particle, the method comprising at least: form- 
ing a first electrode on a support member; and forming 
a cold cathode member by simultaneously dispersing a 
first particle and a second particle over a surface of the 
first electrode. 

[0041] According to a twenty-third aspect of the 
present invention, in the method of fabricating an elec- 
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tron-emitting element according to the twenty-second 
aspect, the first particle and the second particle have 
different electron emission efficiencies. 
[0042] According to a twenty-fourth aspect of the 
present invention, in the method of fabricating an elec- 
tron-emitting element according to the twenty-second 
aspect, either the first particle or the second particle is 
particle for emitting electrons and the other one is par- 
ticle for controlling a position of the particle for emitting 
electrons. 

[0043] According to a twenty-fifth aspect of the 
present invention, in the method of fabricating an elec- 
tron-emitting element according to the twenty-second 
aspect, the step of forming a cold cathode member is 
such that the first particle and the second particle are 
electrically charged and the first particle and the second 
particle are simultaneously dispersed over the first elec- 
trode in an atmosphere where an electric field is applied. 
[0044] According to a twenty-sixth aspect of the 
present invention, in the method of fabricating an elec- 
tron-emitting element according to the twenty-second 
aspect, the step of forming a cold cathode member is 
such that a dispersion in which the first particle and the 
second particle are dispersed in a volatile solvent is 
pressurized and the dispersion is discharged from a 
nozzle so that the dispersion is adhered to the surface 
of the first electrode. 

[0045] According to a twenty-seventh aspect of the 
present invention, there is provided a method of fabri- 
cating a field emission display device comprising at 
least: forming an electron-emitting element according to 
the method of fabricating an electron-emitting element 
in accordance with the seventeenth aspect; forming an 
anode substrate having on a surface thereof a phosphor 
layer and a second electrode; and disposing the cold 
cathode member and the phosphor layer so as to op- 
pose one another, so that the cold cathode member 
functions as an electron emission source for the phos- 
phor layer. 

[0046] According to a twenty-eighth aspect of the 
present invention, there is provided a method of fabri- 
cating a field emission display device comprising at 
least: forming an electron-emitting element according to 
the method of fabricating an electron-emitting element 
in accordance with the twentieth aspect; forming an an- 
ode substrate having on a surface thereof a phosphor 
layer and a second electrode; and disposing the cold 
cathode member and the phosphor layer so as to op- 
pose one another, so that the cold cathode member 
functions as an electron emission source for the phos- 
phor layer. 

[0047] According to a twenty-ninth aspect of the 
present invention, there is provided a method of fabri- 
cating a field emission display device comprising at 
least: forming an electron-emitting element according to 
the method of fabricating an electron-emitting element 
in accordance with the twenty-first aspect; forming an 
anode substrate having on a surface thereof a phosphor 



layer and a second electrode; and disposing the cold 
cathode member and the phosphor layer so as to op- 
pose one another, so that the cold cathode member 
functions as an electron emission source for the phos- 
s phor layer. 

[0048] According to a thirtieth aspect of the present 
invention, there is provided a method of fabricating a 
field emission display device comprising at least: form- 
ing an electron-emitting element according to the meth- 

10 od of fabricating an electron-emitting element in accord- 
ance with the twenty-second aspect; forming an anode 
substrate having on a surface thereof a phosphor layer 
and a second electrode; and disposing the cold cathode 
member and the phosphor layer so as to oppose one 

15 another, so that the cold cathode member functions as 
an electron emission source for the phosphor layer. 
[0049] According to a thirty-first aspect of the present 
invention, there is provided a method of fabricating a 
field emission display device comprising at least: form- 

20 ing an electron-emitting element according to the meth- 
od of fabricating an electron-emitting element in accord- 
ance with the twenty-fifth aspect; forming an anode sub- 
strate having on a surface thereof a phosphor layer and 
a second electrode; and disposing the cold cathode 

25 member and the phosphor layer so as to oppose one 
another, so that the cold cathode member functions as 
an electron emission source for the phosphor layer. 
[0050] According to a thirty-second aspect of the 
present invention, there is provided a method of fabri- 

30 eating a field emission display device comprising at 
least: forming an electron-emitting element according to 
the method of fabricating an electron-emitting element 
in accordance with the twenty-sixth aspect; forming an 
anode substrate having on a surface thereof a phosphor 

35 layer and a second electrode; and disposing the cold 
cathode member and the phosphor layer so as to op- 
pose one another, so that the cold cathode member 
functions as an electron emission source for the phos- 
phor layer. 

40 [0051 ] According to a thirty-third aspect of the present 
invention, there is provided a method of fabricating a flu- 
orescent lamp comprising at least: forming an electron- 
emitting element according to the method of fabricating 
an electron-emitting element in accordance with the 

45 seventeenth aspect; forming an anode substrate having 
on a surface thereof a phosphor layer and a second 
electrode; and disposing the cold cathode member and 
the phosphor layer so as to oppose one another, so that 
the cold cathode member functions as an electron emis- 

50 sion source for the phosphor layer. 

[0052] According to a thirty-fourth aspect of the 
present invention, there is provided a method of fabri- 
cating a fluorescent lamp comprising at least: forming 
an electron-emitting element according to the method 

55 of fabricating an electron-emitting element in accord- 
ance with the twentieth aspect; forming an anode sub- 
strate having on a surface thereof a phosphor layer and 
a second electrode; and disposing the cold cathode 
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member and the phosphor layer so as to oppose one 
another, so that the cold cathode member functions as 
an electron emission source for the phosphor layer. 
[0053] According to a thirty-fifth aspect of the present 
invention, there is provided a method of fabricating a flu- s 
orescent lamp comprising at least: forming an electro n- 
emitting element according to the method of fabricating 
an electron-emitting element in accordance with the 
twenty-first aspect; forming an anode substrate having 
on a surface thereof a phosphor layer and a second 10 
electrode; and disposing the cold cathode member and 
the phosphor layer so as to oppose one another, so that 
the cold cathode member functions as an electron emis- 
sion source for the phosphor layer. 

[0054] According to a thirty-sixth aspect of the present is 
invention, there is provided a method of fabricating a flu- 
orescent lamp comprising at least: forming an electron - 
emitting element according to the method of fabricating 
an electron-emitting element in accordance with the 
twenty-second aspect; forming an anode substrate hav- 20 
ing on a surface thereof a phosphor layer and a second 
electrode; and disposing the cold cathode member and 
the phosphor layer so as to oppose one another, so that 
the cold cathode member functions as an electron emis- 
sion source for the phosphor layer. 25 
[0055] According to a thirty-seventh aspect of the 
present invention, there is provided a method of fabri- 
cating a fluorescent lamp comprising at least: forming 
an electron-emitting element according to the method 
of fabricating an electron-emitting element in accord- 30 
ance with the twenty-fifth aspect; forming an anode sub- 
strate having on a surface thereof a phosphor layer and 
a second electrode; and disposing the cold cathode 
member and the phosphor layer so as to oppose one 
another, so that the cold cathode member functions as 35 
an electron emission source for the phosphor layer. 
[0056] According to a thirty-eighth aspect of the 
present invention, there is provided a method of fabri- 
cating a fluorescent lamp comprising at least: forming 
an electron-emitting element according to the method 40 
of fabricating an electron-emitting element in accord- 
ance with the twenty-sixth aspect; forming an anode 
substrate having on a surface thereof a phosphor layer 
and a second electrode; and disposing the cold cathode 
member and the phosphor layer so as to oppose one 45 
another, so that the cold cathode member functions as 
an electron emission source for the phosphor layer. 
[0057] According to a thirty-ninth aspect of the 
present invention, there is provided a field emission el- 
ement comprising at least: a cold cathode member so 
made of hybrid particle including a first particle for emit- 
ting electrons into the space and a second particle for 
controlling a position of the first particle, the second par- 
ticle being in the vicinity of the first particle; and an elec- 
tron-transporting member for supplying electrons to the 55 
cold cathode member; wherein the cold cathode mem- 
ber and the electron-transporting member are provided 
on a substrate. 



[0058] According to a fortieth aspect of the present 
invention, in the field emission element according to the 
thirty-ninth aspect, the first particle has a higher electron 
emission efficiency than the second particle. 
[0059] According to a forty-first aspect of the present 
invention, in the field emission element according to the 
fortieth aspect, the second particle is conductive. 
[0060] According to a forty-second aspect of the 
present invention, in the field emission element accord- 
ing to the thirty-ninth aspect, the first particle is in direct 
contact with the second particle, is in contact with the 
electron -transporting member directly or via the second 
particle, and is in contact with a surface of the supporting 
substrate directly or via the second particle or via both 
the second particle and the electron-transporting mem- 
ber; and a non-contact area of the first particle that 
projects into the space is larger than a contact area of 
portions of the first particle in contact with other mem- 
bers. 

[0061 ] According to a forty-third aspect of the present 
invention, in the field emission element according to the 
forty-second aspect, the second particle is conductive. 

BRIEF DESCRIPTION OF THE DRAWINGS IN THE 
FIRST INVENTION GROUP 

[0062] 

Fig. 1 is a schematic view showing the configuration 
of an electron-emitting element in an example of the 
first invention group and afield emission display de- 
vice utilizing the electron-emitting element. 
Fig. 2 is a schematic view showing an electron-emit- 
ting element for comparison in an example of the 
first invention group. 

Fig. 3 is a schematic view showing the configuration 
of an electron-emitting element in an example of the 
first invention group and a light-emitting device of 
the field emission type utilizing the electron-emitting 
element. 

Fig. 4 is a schematic view showing the configuration 
of an electron-emitting element in another example 
of the first invention group and a light-emitting de- 
vice of the field emission type utilizing the electron- 
emitting element. 

Fig. 5 is a schematic view showing the configuration 
of an electron -emitting element in another example 
of the first invention group and a light-emitting de- 
vice of the field emission type utilizing the electron- 
emitting element. 

Fig. 6(a) is a schematic view showing the configu- 
ration of an electron -emitting element in another ex- 
ample of the first invention group and a light-emit- 
ting device of the field emission type utilizing the 
electron-emitting element. 

Fig. 7(a) is a schematic view showing the configu- 
ration of an electron-emitting element in another ex- 
ample of the first invention group and a light-emit- 



6 



11 



EP1 225 613 A1 



12 



ting device of the field emission type utilizing the 
electron-emitting element. 

Fig. 8(a) is a schematic view showing the configu- 
ration of an electron-emitting element utilizing an ar- 
ray of the electron-emitting elements, shown in Fig. 
7(a), and a light-emitting device of the field emission 
type utilizing the electron-emitting element. 
Fig. 9 is a schematic view showing the configuration 
of an electron -emitting element in another example 
of the present invention and a fluorescent lamp uti- 
lizing the electron-emitting element. 
Fig. 10 is a schematic view showing the configura- 
tion of an emitting element in another example of 
the first invention group and a fluorescent lamp uti- 
lizing the emitting element. 

Fig. 1 1 is a schematic view showing the configura- 
tion and fabrication method of a prior art electron- 
emitting element. 

BEST MODE FOR CARRYING OUT THE FIRST 
INVENTION GROUP 

[0063] Each example of the first invention group is de- 
scribed in detail with reference to the drawings. 

(Example 1-1) 

[0064] Fig. 1 is a schematic structural view of an elec- 
tron-emitting element 100 according to Example 1-1 of 
the present invention and a field emission display device 
1000 utilizing the electron-emitting element 100. Refer- 
ring to Fig. 1 , configurations and fabrication methods of 
the electron-emitting element 1 00 and the field emission 
display device 1 000 are described below. 
[0065] First, on a glass supporting substrate 1 01 serv- 
ing as a support member a metal thin film serving as a 
first conductive electrode (conductive layer) 102, made 
of Al, an Al-Li alloy, Mg, an Mg-Ag alloy, Au, Pt, Ag, Fe, 
Ni, Cu, Cr, W, Mo, Co, Ta, 71, or the like, was formed by 
sputtering, vacuum deposition, or plating, to a thickness 
of about 0.01 to 100 um, typically to about 0.1 to 1 u.m. 
[0066] Next, a liquid having therein substantially 
spherical metal fine particle (particle size: 0.1 to 8 |im) 
made of a material such as Pt, Au, Ag, Cu, Ni, Rh, Pd, 
Co, a Cu-Sn alloy, a Cu-Zn alloy, a Cu-Ni-Zn alloy, aCu- 
Pb alloy, a Cu-Pb-Sn alloy, a Cu-Co alloy, a Cu-Fe-Mn 
alloy, an Fe-Cr alloy, an Fe-Si alloy, an Fe-Mo alloy, an 
Fe-Mn alloy, an Fe-W alloy, an Fe-V alloy, an Fe-Nb al- 
loy, stainless steel, or permalloy dispersed in a volatile 
organic solvent such as ethanol, isopropyl alcohol, ac- 
etone, or toluene was dripped onto the glass supporting 
substrate 101 and. excess liquid was removed using a 
spin coater, whereby a second particle 103, which was 
metal fine particle made of metal or an metal alloy, was 
dispersed over the first conductive electrode 102. 
[0067] Subsequently, a liquid having therein carbon 
nanotube (diameter: 0.5 to 100 nm, length: 2 to 10 jim) 
dispersed in the above-described volatile organic sol- 



vent or in water having a surface-active agent mixed 
therein to improve dispersibility was dripped onto the 
first conductive electrode 1 02 and was allowed to dry, 
thus dispersing a first fine particle 104 made of carbon 

5 nanotube. 

[0068] Thereby, a cold cathode member 1 05 made up 
of hybrid particle, in which the first particle 104 made of 
carbon nanotube and the second particle 103 made of 
metal fine particle were mixed together, was formed 

10 over the first conductive electrode 102, and thus an elec- 
tron-emitting element 100 was formed. 
[0069] The electron -emitting element 100 serves as 
a cathode, and an anode supporting substrate 150 is 
disposed in opposition to the electron-emitting element 

is 100. The anode-supporting substrate 150 has a trans- 
parent electrode made of ITO, Sn0 2 , ZnO or the like, 
serving as a second conductive electrode 107, and a 
phosphor thin film 108 stacked on a glass supporting 
substrate 1 06. Thereby, a field emission display device 
1000 was configured. In this configuration, the distance 
between the cathode 1 00 and the anode 1 50 was set to 
0.5 to 2 mm. 

[0070] The space between such an electron-emitting 
element (cathode) 1 00 and an anode supporting sub- 
strate (anode) 150 was made a vacuum, and further a 
bias voltage was applied between the cathode 1 00 and 
the anode 1 50, using a direct -current power supply 1 09. 
[0071] As a result, it was observed that under bias 
conditions where the voltage of the direct-current power 
supply 1 09 was about 500 V to 2 kV, electrons were 
emitted from the surface of the cold cathode member 
1 05 into the vacuum and the emitted electrons were ac- 
celerated by an electric field created by the direct-cur- 
rent power supply 109 and collided with the phosphor 
thin film 1 .08, whereby the phosphor thin film 108 emit- 
ted light. In addition, it was confirmed that the electric 
current flowing between the cathode 1 00 and the anode 
150 was as large as 20 to 1 00 uA and the time variation 
was as small as 5% or less and stable. 
[0072] Furthermore, even when the glass supporting 
substrate 101 was replaced with a metal plate and the 
conductive electrode 1 02 was eliminated, the same ef- 
fect as described above was achieved. 



[0073] For comparison, an electron-emitting element 
for comparison (1-1) was fabricated which includes a 
cold cathode member 105 formed by dispersing only a 

so first particle 1 04 but not a second particle 1 03 of the 
above-described electron- emitting element 1 00, with all 
other components being exactly the same as those of 
the element 1 00. This element (1 -1 ) was then examined 
for its electron-emission characteristics in the same 

55 manner as that described above. 

[0074] As a result, in the element (1 -1 ), electron emis- 
sion was first identified when the voltage of a direct-cur- 
rent power supply 1 09 was about 3 to 15 kV, and it was 
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found that the operating voltage was larger than that of 
the electron-emitting element 1 00. In addition, the oper- 
ating current at this point was 5 to 10 uA and the time 
variation of the operating current under a certain oper- 
ating voltage was 20 to 30%. 

[0075] As described above, the electron-emission 
characteristics vary greatly depending on whether the 
second particle 1 03 is present or not; in order to inves- 
tigate the cause of the great variation, the cold cathode 
member 1 05 of the element 1 00 in accordance with the 
present example and that of the element for comparison 
(1-1) were observed with a scanning electron micro- 
scope (SEM). As a result, it was confirmed that while in 
the cold cathode member 105 of the element for com- 
parison (1 -1 ), the carbon nanotubes serving as the first 
particle 1 04 overlap one another so as to be substan- 
tially parallel to the first conductive electrode 102, as 
shown in Fig. 2, (the carbon nanotubes are dispersed 
at angles in the range from 0 to 40 degrees with respect 
to the surface of the first conductive electrode 102 and 
the average angle is approximately 15 degrees), in the 
element 1 00 the carbon nanotubes stand up, as shown 
in Fig. 1 (the carbon nanotubes are dispersed at angles 
in the range from 0 to 90 degrees with respect to the 
surface of the first conductive electrode 1 02 and the av- 
erage angle is approximately 60 degrees). 

(Comparative Example 1 -2) 

[0076] An electron-emitting element for comparison 
(1 -2) was fabricated such that, opposite to the foregoing 
Comparative Example 1 -1 , only a second particle 1 03 
but not a first particle 104 was dispersed, and then the 
element was examined for its electron-emission char- 
acteristics in the same manner as described above. 
[0077] As a result, in the element (1 -2), electron emis- 
sion was first identified when the voltage of a direct-cur- 
rent power supply 109 was about 8 to 30 kV, and it was 
found that the operating voltage was rather large. In ad- 
dition, the electric current flowing between the cathode 
and the anode was as small as 1 uA or less and the time 
variation was 70 to 90%. 

[0078] From these results, it is thought that the reason 
that the operating voltage for electron emission de- 
creases and the operating current increases when the 
second particle 1 03 made of metai fine particle and the 
first particle 1 04 are dispersed is not that the electron 
emission efficiency of the second particle 1 03 is greater 
than that of the first particle 104, but that the second 
particle 1 03 acts to control the position of the carbon 
nanotube serving as the first particle 1 04, that is, the 
second particle 103 functions to make the first particle 
1 04 stand, and as the first particle 1 04 has anisotropy 
in electron emission efficiency, by making the first par- 
ticle 104 stand up with respect to the supporting sub- 
strate, the electron emission efficiency is improved. 



(Comparative Example 1 -3) 

[0079] Moreover, an element for comparison (1-3) 
was fabricated in the same manner as the element (1 -1 ), 

s except that fine particle of insulating glass or ceramic 
was used for a second particle 103 in place of metal fine 
particle, and then the electron-emission characteristics 
of the element for comparison (1 -3) were examined. As 
a result, it was found that the time variation of the electric 

10 current was 10% or more and thus the operation be- 
comes unstable. 

[0080] Consequently, it was thought that the reason 
that stable operation was realized in the element 100 
which utilizes a conductive material for the second fine 

15 particle 1 03 is that an electrical connection between the 
first conductive electrode 102 and the first particle 104 
was made via the second particle 103, lowering the con- 
tact resistance between the first conductive electrode 
102 and the first particle 104. 

20 [0081] Furthermore, as a result of further investiga- 
tion, it was found that when a conductive film of metal, 
ITO or the like was coated over fine particle of glass or 
ceramic, the same electron -emission characteristics as 
those of the element 100 were obtained and the time 

25 variation of the operating current was 5% or less and 
stable. 

(Example 1 -2) 

30 [0082] In Example 1-2 of the present invention, in ac- 
cordance with the fabrication process of the electron- 
emitting element 100 fabricated in Example 1-1, a sec- 
ond particle 103 was dispersed over a first conductive 
electrode 1 02 using a spin coater. Thereafter, a stain - 
35 less steel plate was pressed down on the second fine 
particle 103, thereby fixing the particle to the first con- 
ductive electrode 1 02 by applied pressure. Subsequent- 
ly, carbon nanotube serving as a first particle 1 04 was 
dispersed in the same manner as that described in Ex- 
40 ample 1-1, thus configuring an electron-emitting ele- 
ment. Other components and a fabrication method are 
the same as those described in Example 1-1 , and thus 
description is omitted here. 

[0083] The electron-emission characteristics of the 
45 present example were examined in the same manner 
as in Example 1-1 and the voltage at which electrons 
start to be emitted was approximately 10% smaller and 
the emission current was approximately 10% higher 
than those of the element 100 in Example 1-1 . 
so [0084] As was described above, in the electron-emit- 
ting element of the present example, the characteristics 
were improved, though slightty, compared to those of 
the electron-emitting element 1 00 fabricated in Example 
1-1 , the reason for which is thought to be that by fixing 
55 the second particle 103 by applying pressure, the sec- 
ond particle 1 03 was embedded in the first conductive 
electrode 102, whereby the contact resistance between 
the second particle 103 and the first conductive elec- 
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trade 1 02 was lowered. 

[0085] It should be noted that a material for a plate for 
applying pressure to the second particle 1 03 is not lim- 
ited to stainless steel; any material can be used so long 
as the material is harder than the second particle 103. 
Further, as for the shape, even if a roller is utilized in- 
stead of a plate, substantially the same results are ob- 
tained. 

(Example 1-3) 

[0086] In Example 1 -3 of the present invention, in ac- 
cordance with the fabrication process of the electron- 
emitting element 100 fabricated in Example 1 -1 , a first 
particle 104 and a second particle 103 were mixed to- 
gether and dispersed in a volatile organic solvent such 
as ethanol, isopropyl alcohol, or acetone. The disper- 
sion was then dripped onto a first conductive electrode 
102 and was allowed to dry, thereby configuring a cold 
cathode member 1 05 in which the first particle 1 04 and 
the second particle 103 were mixed together, and thus 
configuring an electron-emitting element. Other compo- 
nents and a fabrication method are the same as those 
described in Example 1-1 , and thus description is omit- 
ted here. 

[0087] The electron-emission characteristics of the 
present example were examined in the same manner 
as in Example 1-1 and substantially the same results 
were obtained as were with the element 1 00 in Example 
1 -1 . It should be noted that Example 1 -1 differs from Ex- 
ample 1 -3 in that dispersions of the first particle and of 
the second particle were each independently prepared. 

(Example 1-4) 

[0088] In Example 1-4 of the present invention, an 
electron-emitting element was configured with nano- 
tube having an atom such as carbon, silicon, boron, ni- 
trogen, or oxygen fixed thereto (or contained therein), 
or nanotube made of metal sulfide, in place of carbon 
nanotube of the first particle 1 04 of the electron-emitting 
element 100 fabricated in Example 1-1. Other compo- 
nents are the same as those described in Example 1 -1 , 
and thus description is omitted here. 
[0089] The electron-emission characteristics of the 
present example were examined in the same manner 
as In Example 1-1 and substantially the same results 
were obtained as were with the element 1 00 in Example 
1-1. 

(Example 1 -5) 

[0090] Fig. 3 is a schematic structural view of an elec- 
tron-emitting element 300 according to Example 1 -5 of 
the present invention and a field emission display device 
3000 utilizing the electron-emitting element 300. 
[0091] An electron-emitting element 300 of the 
present example was fabricated in the following manner. 



By using the same process as that employed for fabri- 
cating the electron-emitting element 1 00 in the first ex- 
ample, configurations up to a first conductive electrode 
102 were formed. Subsequently, as a second particle, 

5 metal fine particle having a jagged surface like a 
multipointed ball (particle size: 0.5 to 50 u,m) made of a 
material such as Pt, Au, Ag, Cu, Ni, Rh, Pd, Co, a Cu- 
Sn alloy, a Cu--Zn alloy, a Cu-Ni-Zn alloy, a Cu-Pb alloy, 
a Cu-Pb-Sn alloy, a Cu-Co alloy, a Cu-Fe-Mn alloy, an 

10 Fe-Cr alloy, an Fe-Si alloy, an Fe-Mo alloy, an Fe-Mn 
alloy, an Fe-W alloy, an Fe-V alloy, an Fe-Nb alloy, stain- 
less steel, or permalloy was dispersed in a volatile or- 
ganic solvent such as ethanol, isopropyl alcohol, ace- 
tone, or toluene. By employing this dispersion tech- 

15 nique, the dispersion was dripped onto a glass support- 
ing substrate 101 and excess liquid was removed using 
a spin coater, thus dispersing a second particle 301 over 
the first conductive electrode 102. 
[0092] Next, a liquid having therein carbon fiber (di- 

20 ameter: 0.1 to 10 u/n, length: 2 to 100 u.m) dispersed in 
the above-described volatile organic solvent or in water 
mixed with a surface-active agent was dripped onto the 
first conductive electrode 1 02 and was allowed to dry, 
thus dispersing a first fine particle 302. 

25 [0093] Thereby, a cold cathode member 1 05 made up 
of hybrid particle, in which the first particle 302 made of 
carbon fiber and the second particle 301 made of metal 
fine particle with a jagged surface were mixed together, 
was formed over the first conductive electrode 1 02, and 

30 thus an electron-emitting element 300 was formed. 
[0094] Furthermore, as was the case with the field 
emission display device 1 000 of Example 1 -1 , an anode 
supporting substrate 150 was disposed in opposition to 
the electron-emitting element 300, thus configuring a 

35 field emission display device 3000, 

[0095] It should be noted that other components of the 
electron-emitting element 300 and the field emission 
display device 3000 are the same as those of the ele- 
ment 100 and the display device 1000 in Example 1-1 , 

40 and thus description is omitted here. 

[0096] The electron-emission characteristics of the el- 
ement 300 of the present example were measured in 
the same manner as in Example 1 -1 and light; emission 
from a phosphor thin film 1 08 was observed under bias 

45 conditions where the voltage of a direct-current power 
supply 1 09 was about 500 V to 2 kV. In addition, it was 
confirmed that the electric current flowing between the 
cathode 100 and the anode 150 was as large as 30 to 
150 uA and the time variation was as small as 5% or 

50 less and stable. 

[0097] The cold cathode member 1 05 of the element 
300 of the present example was observed with an SEM 
(scanning electron microscope) and it was confirmed 
that there were many carbon fibers 302, as shown in 

55 Fig. 3, that stand up with respect to the first conductive 
electrode 1 02. 

[0098] Moreover, in the element 300, even when uti- 
lizing such sphere-like metal fine particle 103 that is 
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shown in Fig. 1 in place of the metal fine particle 301 
like a multipointed ball (it should be noted, however, that 
the particle size was made the same as that of the metal 
fine particle 301), the same results were obtained as 
were with the element 300. 

(Comparative Example 1 -4) 

[0099] For comparison, an electron-emitting element 
for comparison (1-4) was fabricated which includes a 
cold cathode member 1 05 formed by dispersing only a 
first particle 302 but not a second particle 301 of the 
electron-emitting element 300 of the present example, 
with all other components being exactly the same as 
those of the element 300. The element (1-4) was then 
examined for its electron-emission characteristics in the 
same manner as that described above. 
[0100] As a result, in the element (1-4), electron emis- 
sion was first identified when the voltage of a direct-cur- 
rent power supply 1 09 was about 2.5 to 10 kV, and it 
was found that the operating voltage was larger than 
that of the electron-emitting element 300. In addition, 
the operating current at this point was 7 to 15 jiA and 
the time variation of the operating current under a cer- 
tain operating voltage was 15 to 25%. 

(Comparative Example 1 -5) 

[0101] Moreover, an electron-emitting element for 
comparison (1-5) was fabricated such that, opposite to 
the foregoing Comparative Example 1-4, only a second 
particle 301 but not a first particle 302 was dispersed, 
and then the element was examined for its electron- 
emission characteristics in the same manner as that de- 
scribed above. 

[0102] As a result, in the element (1 -5), electron emis- 
sion was first identified when the voltage of a direct-cur- 
rent power supply 1 09 was about 6 to 25 kV, and it was 
found that the operating voltage was rather large. In ad- 
dition, the electric current flowing between the cathode 
and the anode was as small as 1 pA or less and the time 
variation was 70 to 90%. 

[0103] From these results, it was found that the rea- 
son that the operating voltage for electron emission de- 
creases and the operating current increases when the 
second particle 301 made of metal fine particle and the 
first particle 302 are dispersed is not that the electron 
emission efficiency of the second particle 301 is greater 
than that of the first particle 302, but that the carbon fiber 
serving as the first particle 302 has anisotropy in elec- 
tron emission efficiency, and by the presence of the sec- 
ond particle 301 , the carbon fiber is made to stand up, 
whereby the tip having a high electron emission efficien- 
cy can be easily oriented towards the anode side. It 
should be noted that the carbon fiber serving as the first 
particle is made to stand up by, as is clear from Fig. 3, 
the second particle that controls and supports the posi- 
tion of the first particle. 



(Example 1 -6) 

[01 04] Fig. 4 is a schematic structural view of an elec- 
tron-emitting element 400 according to Example 1 -6 of 
the present invention and afield emission display device 
4000 utilizing the electron-emitting element 400. 
[0105] An electron-emitting element 400 of the 
present example was fabricated in the following manner. 
By using the same process as that employed for fabri- 
cating the electron-emitting element 300 in the fifth ex- 
ample, configurations up to a first conductive electrode 
102 were formed. Subsequently, as a second particle, 
metal fine particle (particle size: 0.5 to 50 urn) which is 
aggregate particle made up of fine particles with a par- 
ticle size of 0.01 to 5 y.m grouped together was dis- 
persed in a volatile organic solvent such as ethanol, iso- 
propyl alcohol, acetone, or toluene. The metal fine par- 
ticle is made of a material such as Pt, Au, Ag, Cu, Ni, 
Rh, Pd, Co, a Cu-Sn alloy, a Cu-Zn alloy, a Cu-Ni-Zn 
alloy, a Cu-Pb alloy, a Cu-Pb-Sn alloy, a Cu-Co alloy, a 
Cu-Fe-Mn alloy, an Fe-Cr alloy, an Fe-Si alloy, an Fe- 
Mo alloy, an Fe-Mn alloy, an Fe-W alloy, an Fe-V alloy, 
an Fe-Nb alloy, stainless steel, or permalloy. This dis- 
persion was then dripped onto a glass supporting sub- 
strate 101 and excess liquid was removed using a spin 
coater, thereby dispersing a second particle 401 over 
the first conductive electrode 1 02. 
[0106] Subsequently, a liquid having therein carbon 
fiber (diameter: 0.1 to 10 jim, length: 2 to 100 \im) dis- 
persed in the above-described volatile organic solvent 
or in water mixed with an appropriate surface-active 
agent was dripped onto the first conductive electrode 
102 and was allowed to dry, thus dispersing a first fine 
particle 302. Thereby, a cold cathode member 1 05 made 
up of hybrid particle of the first particle 302 made of car- 
bon fiber and the second particle 401 made of an ag- 
gregate of metal fine particles was formed over the first 
conductive electrode 1 02, and thus an electron-emitting 
element 400 was formed. 

[0107] Furthermore, as was the case with the field 
emission display device 1000 of Example 1 -1 , an anode 
supporting substrate 150 was disposed in opposition to 
the electron-emitting element 400, thus configuring a 
field emission display device 4000. 
[0108] It should be noted that other components of the 
electron-emitting element 400 and the field emission 
display device 4000 are the same as those of the ele- 
ment 100 and the display device 1000 in Example 1-1 , 
and thus description is omitted here. 
[01 09] The electron-emission characteristics of the el- 
ement 400 of the present example were measured in 
the same manner as in Example 1-1 and light emission 
from a phosphor thin film 1 08 was observed under bias 
conditions where the voltage of a direct-current power 
supply 1 09 was about 500 V to 2 kV. In addition, it was 
confirmed that the electric current flowing between the 
cathode 1 00 and the anode 1 50 was as large as 30 to 
150 \iA and the time variation was as small as 5% or 
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less and stabie. 

[01 1 0] The cold cathode member 1 05 of the element 
400 of the present example was observed with an SEM 
and it was confirmed that there were many carbon fibers 
302, as shown in Fig. 4, that stand up with respect to 
the first conductive electrode 1 02. 

(Example 1 -7) 

[01 1 1 ] Fig. 5 is a schematic structural view of an elec- 
tron-emitting element 500 according to Example 1-7 of 
the present invention and a field emission display device 
5000 utilizing the electron-emitting element 500. 
[0112] An electron-emitting element 500 of the 
present example was fabricated in the following manner. 
By using the same process as that employed for fabri- 
cating the electron-emitting element 1 00 in the first ex- 
ample, configurations up to a first conductive electrode 
1 02 were formed. Subsequently, as a second particle, 
substantially spherical metal fine particle (particle size: 
0.5 to 50 urn) made of a material such as Pt, Au, Ag, 
Cu, Ni.Rh, Pd, Co, aCu-Snalloy, aCu-Zn alloy,aCu-Ni- 
Zn alloy, a Cu-Pb alloy, a Cu-Pb-Sn alloy, a Cu-Co alloy, 
a Cu-Fe-Mn alloy, an Fe-Cr alloy, an Fe-Si alloy, an Fe- 
Mo alloy, an Fe-Mn alloy, an Fe-W alloy, an Fe-V alloy, 
an Fe-Nb alloy, stainless steel, or permalloy was dis- 
persed in a volatile organic solvent such as ethanol, iso- 
propyl alcohol, acetone, or toluene. This dispersion was 
then dripped onto a glass supporting substrate 101 and 
excess liquid was removed using a spin coater, thereby 
dispersing a second particle 501 over the first conduc- 
tive electrode 102. 

[0113] Subsequently, as a first particle, graphite par- 
ticle with a particle size of to 1 00 u.m was dispersed in 
the above-described volatile organic solvent or in water 
mixed with an appropriate surface-active agent, and the 
dispersion was then dripped onto the first conductive 
electrode 1 02 and was allowed to dry, thus dispersing a 
first fine particle 502. Thereby, a cold cathode member 
1 05 made up of hybrid particle, in which the first particle 
502 made of graphite particle and the second particle 
501 made of metal fine particle were mixed together, 
was formed over the first conductive electrode 102, and 
thus an electron-emitting element 500 was formed. 
[0114] Furthermore, as was the case with the field 
emission display device 1 000 of Example 1 -1 , an anode 
supporting substrate 1 50 was disposed in opposition to 
the electron-emitting element 500, thus configuring a 
field emission display device 5000. 
[01 1 5] It should be noted that other components of the 
electron-emitting element 500 and the field emission 
display device 5000 are the same as those of the ele- 
ment 100 and the display device 1000 in Example 1-1 , 
and thus description is omitted here. 
[01 16] The electron-emission characteristics of the el- 
ement 500 of the present example were measured in 
the same manner as in Example 1-1 and light emission 
from a phosphor thin film 1 08 was observed under bias 



conditions where the voltage of a direct-current power 
supply 1 09 was about 500 V to 2 kV. In addition, it was 
confirmed that the electric current flowing between the 
cathode 100 and the anode 150 was as large as 30 to 
s 150 \xA and the time variation was as small as 5% or 
less and stable. 

[01 1 7] The cold cathode member 1 05 of the element 
500 of the present example was observed with an SEM 
and it was confirmed that there were many plate-like 

10 graphite particles 502, as shown in Fig. 5, that stand up 
with respect to the first conductive electrode 1 02. 
[0118] Moreover, in the element 500, even when uti- 
lizing, in place of the sphere-like metal fine particle, such 
metal fine particle 301 like a multipointed ball that was 

15 shown in Fig. 3 or such metal fine particle 401 made of 
an aggregate of fine particles that was shown in Fig. 4, 
the same results were obtained as were with the ele- 
ment 500. 

20 (Comparative Example 1-6) 

[0119] For comparison, an electron-emitting element 
for comparison (1-6) was fabricated which includes a 
cold cathode member 105 formed by dispersing only a 

25 first particle 502 but not a second particle 501 of the 
electron-emitting element 500 of the present example, 
with all other components being exactly the same as 
those of the element 500. The element (1 -6) was then 
examined for its electron-emission characteristics in the 

30 same manner as that described above. 

[0120] As a result, in the element (1 -6), electron emis- 
sion was first identified when the voltage of a direct-cur- 
rent power supply 1 09 was about 3.5 to 20 kV, and it 
was found that the operating voltage was larger than 

35 that of the electron-emitting element 500. In addition, 
the operating current at this point was 3 to 9 |xA and the 
time variation of the operating current under a certain 
operating voltage was 25 to 45%. 

40 (Comparative Example 1 -7) 

[0121] An electron-emitting element for comparison 
(1 -7) was fabricated such that, opposite to the foregoing 
Comparative Example 1 -6, only a second particle 501 

45 but not a first particle 502 was dispersed, and then the 
element was examined for its electron-emission char- 
acteristics in the same manner as that described above. 
[0122] As a result, in the element (1-7), electron emis- 
sion was first identified when the voltage of a direct-cur- 

50 rent power supply 1 09 was about 8 to 30 kV, and it was 
found that the operating voltage was rather large. In ad- 
dition, the electric current flowing between the cathode 
and the anode was as small as 1 uA or less and the time 
variation was 70 to 90%. 

55 [0123] From these results, it was found that the rea- 
son that the operating voltage for electron emission de- 
creases and the operating current increases when the 
second particle 501 made of metal fine particle and the 
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first particle 502 are dispersed is not that the electron 
emission efficiency of the second particle 501 is greater 
than that of the first particle 502, but that the graphite 
particle serving as the first particle 502 has anisotropy 
in electron emission efficiency, and the position of the 
first particle is controlled by the second particle 501 , and 
thus the tip having a high electron emission efficiency 
can be oriented towards the anode side. 

(Example 1-8) 

[0124] Fig. 6(a) is a schematic structural view of an 
electron-emitting element 600 accordingto Example 1-8 
of the present invention and a field emission display de- 
vice 6000 utilizing the electron-emitting element 600. 
[0125] An electron-emitting element 600 of the 
present example was fabricated in the following manner. 
First, by using the same process as that employed for 
fabricating the electron-emitting element 1 00 in the first 
example, configurations up to a first conductive elec- 
trode 1 02 were formed. Subsequently, as a second par- 
ticle, tetrapod-like ZnO whisker (size: 1 to 100 u.m) was 
dispersed in a volatile organic solvent such as ethanoi, 
isopropyl alcohol, acetone, or toluene, and then this dis- 
persion was dripped onto a glass supporting substrate 

1 01 and excess liquid was removed using a spin coater, 
thereby dispersing a second particle 601 over the first 
conductive electrode 102. 

[0126] Subsequently, a liquid having therein carbon 
fiber (diameter: 0.1 to 10 u.m, length: 2 to 100 u.m) dis- 
persed in the above-described volatile organic solvent 
or in water mixed with an appropriate surface-active 
agent was dripped onto the first conductive electrode 

102 and was allowed to dry, thus dispersing a first par- 
ticle 302. Thereby, a cold cathode member 1 05 in which 
the first particle 302 made of carbon fiber and the sec- 
ond particle 601 made of whisker were mixed together 
was formed over the first conductive electrode 1 02, and 
thus an electron-emitting element 600 was formed. 
[0127] Furthermore, as was the case with the field 
emission display device 1 000 of Example 1 -1 , an anode 
supporting substrate 1 50 was disposed in opposition to 
the electron-emitting element 600, thus configuring a 
field emission display device 6000. 

[01 28] It should be noted that other components of the 
electron-emitting element 600 and the field emission 
display device 6000 are the same as those of the ele- 
ment 100 and the display device 1000 in Example 1-1 , 
and thus description is omitted here. 
[0129] The electron-emission characteristics of the el- 
ement 600 of the present example were measured in 
the same manner as in Example 1 -1 and light emission 
from a phosphor thin film 1 08 was observed under bias 
conditions where the voltage of a direct-current power 
supply 109 was about 500 V to 2 kV. In addition, it was 
confirmed that the electric current flowing between the 
cathode 100 and the anode 150 was as large as 30 to 
150 uA and the time variation was as small as 5% or 



less and stable. 

[01 30] The cold cathode member 1 05 of the element 

600 of the present example was observed with an SEM 
and it was confirmed that there were many carbon fibers 

5 302, as shown in Fig. 6(a), that stand up with respect to 
the first conductive electrode 1 02. It was confirmed that 
the whisker has a three-dimensional tetrapod shape, as 
shown in an enlarged view of Fig. 6(b), and that on the 
first conductive electrode 1 02 the whiskers overlap one 

10 another in a mesh configuration. In addition, it was ob- 
served that the carbon fiber 302 stood, embedded in the 
gaps in this mesh. 

[0131] in the element 600, even when utilizing, in 
place of the ZnO whisker 601 , aluminum borate whisker, 

15 silicon carbide whisker, or whisker made of other mate- 
rials such as TiC or TIB, or even whisker such as above 
whose surface is coated with metal such as Pt, Au, Ag, 
Cu, Ni, Rh, Pd, Co, Mo, Cr, Al, Ti, Zn, and Sn, the same 
results were obtained as were with the element 600. 

20 [0132] Moreover, in the element 600, even when uti- 
lizing, in place of the carbon fiber 302, carbon nanotube 
used in Example 1 -1 or graphite particle used in Exam- 
ple 1-7, the same results were obtained as were with 
the element 600. 

25 

(Comparative Example 1 -8) 

[0133] For comparison, an electron-emitting element 
for comparison (1-8) was fabricated which includes a 
30 cold cathode member 1 05 formed by dispersing only a 
first particle 302 but not a second particle (ZnO whisker) 

601 of the electron-emitting element 600 of the present 
example, with ail other components being exactly the 
same as those of the element 600. The element (1-8) 

35 was then examined for its electron-emission character- 
istics in the same manner as that described above. 
[0134] As a result, in the element (1 -8), electron emis- 
sion was first identified when the voltage of a direct-cur- 
rent power supply 1 09 was about 2.5 to 1 0 kV and it was 
40 found that the operating voltage was larger than that of 
the electron-emitting element 600. In addition, the oper- 
ating current at this point was 7 to 15 \iA and the time 
variation of the operating current under a certain oper- 
ating voltage was 15 to 25%. 

45 

(Comparative Example 1-9) 

[0135] Another electron-emitting element for compar- 
ison (1-9) was fabricated such that, opposite to the fore- 
50 going Comparative Example 1 -8, only a second particle 
601 but not a first particle 302 was dispersed, and then 
the element was examined for its electron-emission 
characteristics in the same manner as that described 
above. 

55 [01 36] As a result, in the element (1 -9), electron emis- 
sion was first identified when the voltage of a direct-cur- 
rent power supply 1 09 was about 3 to 12 kV, and it was 
found that the operating voltage was somewhat large. 
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In addition , the electric current flowing between the cath- 
ode and the anode was as small as 5 to 1 0 uA and the 
time variation was 250 to 35%. 

[0137] From these results, it was found that the rea- 
son that the operating voltage for electron emission de- s 
creases and the operating current increases when the 
second particle 601 made of whisker and the first parti- 
cle 302 are dispersed is not that the electron emission 
efficiency of the second particle 601 is greater than that 
of the first particle 302, but that the carbon fiber serving 
as the first particle 302 has anisotropy in electron emis- 
sion efficiency, and by the presence of the second par- 
ticle 601 , the carbon fiber is made to stand up, whereby 
the tip having a high electron emission efficiency can be 
easily oriented towards the anode side. 

(Example 1 -9) 

[0138] Fig. 7(a) is a schematic structural view of an 
electron -emitting element 700 according to Example 1 -9 
of the present invention and a field emission display de- 
vice 7000 utilizing the electron-emitting element 700. 
[0139] An electron-emitting element 700 of the 
present example was fabricated in the following manner. 
By using the same process as that employed for fabri- 
cating the electron -emitting element 100 in the first ex- 
ample, configurations up to a first conductive electrode 
1 02 were formed, and then on the first conductive elec- 
trode 102, a dielectric layer 702 (thickness: 20 to 200 
u.m) of, for example, ceramic made of Al 2 0 3 or the like, 
Si0 2 , or Sl^N^ was formed by sputtering or chemical va- 
por deposition (CVD). Subsequently, a conductive elec- 
trode (thickness: 0.1 to 50 urn) serving as a grid elec- 
trode 701 was deposited in the same manner as the first 
conductive electrode, and part of the electrode was then 
removed by photolithography or lift-off, thereby forming 
an opening 703. Thus, dielectric spacer 702 and grid 
electrode 701 were configured. Fig. 7(b) shows the cath- 
ode-side supporting substrate 700 at this stage when 
viewed from the anode side. The opening was approx- 
imately 100 urn x 200 u,m. 

[01 40] Next, substantially spherical metal fine particle 
serving as a second particle, such as Pt, Au, Ag, Cu, Ni, 
Rh, Pd, Co, or permalloy, was dispersed in a volatile or- 
ganic solvent such as ethanol, isopropyl alcohol, or ac- 
etone, and this dispersion was then dripped onto a glass 
supporting substrate 101 and excess liquid was re- 
moved using a spin coater, thereby dispersing a second 
particle 1 03 over the first conductive electrode 102. 
[0141] Subsequently, a liquid having therein carbon 
nanotube serving as a first particle dispersed in the 
above-described volatile organic solvent or in water 
mixed with an appropriate surface -active agent was 
dripped onto the first conductive electrode 1 02 through 
the opening 703, and was allowed to dry, thus dispersing 
a first fine particle 1 04. Thereby, a cold cathode member 
1 05 made up of hybrid particle of the first particle 1 04 
made of carbon nanotube and the second particle 1 03 



made of metal fine particle was formed on the first con- 
ductive electrode 102, and thus an electron-emitting el- 
ement 700 was formed. 

[0142] Next, a direct-current power supply 704 was 
connected between the first conductive electrode 1 02 
and the grid electrode 701 , and further, as was the case 
with the field emission display device 1 000 of Example 
1-1, an anode supporting substrate 150 was disposed 
in opposition to the electron-emitting element 700, thus 
configuring a field emission display device 7000. 
[01 43] It should be noted that other components of the 
electron-emitting element 700 and the field emission 
display device 7000 are the same as those of the ele- 
ment 100 and the display device 1000 in Example 1-1 , 
and thus description is omitted here. 
[0144] By using a direct-current power supply 109, a 
voltage was applied between the cathode and the anode 
in the same manner as in Example 1-1 and rectangular, 
planar tight emission from a phosphor thin film 108 was 
identified. In addition, it was confirmed that by increas- 
ing and decreasing the voltage of the direct-current pow- 
er supply 704, the brightness of the light emission from 
the phosphor thin film 108 varies. From this fact, it was 
verified that the number of electrons emitted from the 
cold cathode member 1 05 can be controlled by the grid 
electrode 701 . 

[0145] For cases of replacing the cold cathode mem- 
ber 105 with that of Example 1-4, that of Example 1 -5, 
that of Example 1-6, that of Example 1-7, and that of 
Example 1-8 in the field emission display device 7000, 
examination was conducted in the same manner as de- 
scribed above and it was confirmed that the number of 
electrons emitted from the cold cathode member 1 05 
can be controlled by the grid electrode 701 . 

(Example 1-10) 

[0146] Fig. 8(a) is a schematic structural view of an 
electron-emitting element 800 according to Example 
1-10 of the present invention and a field emission dis- 
play device 8000 utilizing the electron-emitting element 
800. 

[0147] An electron-emitting element 800 of the 
present example was fabricated in the following manner. 
First, a group of first conductive electrodes 102 were 
formed on a glass supporting substrate 101 serving as 
a support member. Formation of the group of first con- 
ductive electrodes 1 02 was carried out by vacuum dep- 
osition or sputtering, and by using a mask with an ap- 
propriate pattern or by photolithography, a rectangular 
electrode pattern having 2000 electrodes electrically in- 
sulated from one another was formed. 
[0148] Subsequently, dielectric spacers 702 and grid 
electrodes 701 that have openings 703 were configured 
on the group of first conductive electrodes 1 02 in the 
same manner as in Example 1 -9. In the formation of the 
grid electrodes 701 by vacuum deposition or sputtering, 
a rectangular electrode pattern having 1100 electrodes 
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electrically insulated from one another was formed by 
using a mask having a predetermined pattern such that 
the mask is in a direction orthogonal to the group of first 
conductive electrodes 1 02 or by using photolithography. 
In addition, the openings 703 were formed, one each at 
a position where the first conductive electrode 1 02 in- 
tersected the grid electrode 701 , and accordingly 11 00 
x 2000 of the openings were arranged in a two-dimen- 
sional array. Each of the openings 703 is approximately 
100 jim x 200 u,m. Fig. 8(b) shows part of the cathode- 
side supporting substrate 800 at this stage when viewed 
from the anode side. 

[0149] Next, in a mixture of 3-methylbutyl acetate 
(chemical formula: CH 2 COOCH 2 CH 2 CH(CH3)2) and 
1% nitrocellulose by weight, substantially spherical met- 
al fine particle (second particle) made of Pt, Au, Ag, Cu, 
Ni, Rh, Pd, Co, permalloy or the like and carbon nano- 
tube (first particle) were dispersed, thus preparing a 
mixed dispersion. The mixed dispersion was then dis- 
charged into each of the openings 703, using a nozzle 
by the ink-jet technique (a dispersion is pressurized, 
whereby drops of the dispersion are sprayed from a noz- 
zle having a narrow opening). 

[0150] Subsequently, by heating the mixed dispersion 
to 30°C-90°C, the 3-methylbutyl acetate, the solvent, 
was evaporated, and then by heating to 300°C or more 
in air, the nitrocellulose was pyrolyzed and removed. 
Thereby, cold cathode members 1 05 made up of hybrid 
particle, in which the first particle 1 04 made of carbon 
nanotube and the second particle 1 03 made of metal 
fine particle were mixed together, were configured in all 
of the openings 703 on the first conductive electrodes 
102, and thus an electron-emitting element array 800 
was formed. 

[0151] Then, a direct-current power supply 704 was 
connected between the first conductive electrodes 1 02 
and the grid electrodes 701 , and further as was the case 
with the field emission display device 1 000 of Example 
1-1, an anode supporting substrate 150 was disposed 
in opposition to the electron-emitting element 800, thus 
configuring a field emission display device 8000. 
[0152] It should be noted that other components of the 
electron-emitting element 800 and the field emission 
display device 8000 are the same as those of the ele- 
ment 100 and the display device 1000 in Example 1-1, 
and thus description is omitted here. 
[0153] A voltage was applied between the cathode 
and the anode using a direct-current power supply 1 09 
in the same manner as in Example 1 -1 . As a result, pla- 
nar light emission from a phosphor thin film 108 was 
identified. In addition, it was confirmed that by increas- 
ing and decreasing the voltage of the direct-current pow- 
er supply 704, the brightness of the light emission from 
the phosphor thin film 1 08 varies. From this fact, it was 
verified that the number of electrons emitted from the 
cold cathode members 1 05 can be controlled by the grid 
electrodes 701. 

[0154] Next, a voltage was sequentially applied to 



each of the first conductive electrodes 102 and to each 
of the grid electrodes 701 such that a given voltage was 
applied across ail of the cathode members 1 05 in 33 ms; 
as a result, light emission from the phosphor layer 108 
s effected the display of monochrome images. 

[0155] Color images can be displayed by using such 
a phosphor thin film 108 that has phosphors which emit 
light in red, green, and blue, corresponding to each cold 
cathode member 1 05. 

[0156] Moreover, in order to further increase the 
brightness of light emission from phosphors, it is possi- 
ble to deposit on the phosphor thin film 108 a reflective 
layer (for example, an Al layer with a thickness of 0.05 
to 1 urn) to collect light emission from the phosphor thin 
film 1 08 on the side of the glass supporting substrate 
106. 

[01 57] For cases of replacing the cold cathode mem- 
ber 105 with that of Example 1-4, that of Example 1-5, 
that of Example 1-6, that of Example 1-7, and that of 
Example 1-8 in the field emission display device 8000, 
examination was conducted in the same manner as de- 
scribed above and it was confirmed that images can be 
displayed. 

[01 58] For preparation of the above-described disper- 
sion, in which the first particle 1 04 and the second par- 
ticle 1 03 are mixed together, the mixing ratio of the first 
particle 104 and the second particle 103 is preferably in 
the range of 1 : 1 to 1 00: 1 in weight ratio, more preferably 
in the range of 1 :3 to 1 :20. 

(Example 1-11) 

[01 59] In Example 1 -1 1 of the present invention, in ac- 
cordance with the fabrication process of the electron- 
emitting element 1 00 fabricated in Example 1 -1 , a first 
conductive electrode 1 02 was formed. Thereafter, in a 
mixture of 3-methylbutyl acetate and 1% nitrocellulose 
by weight, as a second particle 1 03, substantially spher- 
ical metal fine particle made of Pt, Au, Ag, Cu, Ni, Rh, 
Pd, Co, permalloy, or the like was dispersed, thus pre- 
paring a dispersion. The dispersion was then coated on 
the first conductive electrode 102. Subsequently, by 
heating the dispersion to 30°C-90°C, the 3-methylbutyl 
acetate, the solvent, was evaporated, whereby the first 
conductive electrode 102 and the second particle 103 
were coated with nitrocellulose. 
[01 60] Subsequently, by passing this supporting sub- 
strate 101 under a corotron or scorotron that produces 
corona discharge, the first conductive electrode 1 02 and 
the surface of the second particle 103 that were coated 
with nitrocellulose were electrically charged and then 
brought into contact with fine particle of carbon nano- 
tube that was electrically charged by friction. Thereby, 
the carbon nanotube was attracted to the first conduc- 
tive electrode 1 02 and to the surface of the second par- 
ticle 1 03 by electrostatic force and attached as a first 
particle 1 04. 

[0161] Next, by heating to 300°C or more in air, the 
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nitrocellulose was pyrolyzed and removed, thereby con- 
figuring over the first conductive electrode 1 02 a cold 
cathode member 105 made up of hybrid particle, in 
which the first particle 104 made of carbon nanotube 
and the second particle 103 made of metal fine particle 
were mixed together, and thus an electron-emitting ele- 
ment 100 was formed. 

[0162] It should be noted that other components and 
a fabrication method are the same as those described 
in Example 1 -1 , and thus description is omitted here. 
[0163] The electron-emission characteristics of the 
present example were examined in the same manner 
as in Example 1 -1 and the same results were obtained 
as were with the element 100 in Example 1-1 . In addi- 
tion, even when utilizing whisker used in Example 1-8 
for the second particle 103 in place of sphere-like metal 
fine particle, the same results were obtained. 

(Example 1-12) 

[0164] In Example 1-12 of the present invention, in ac- 
cordance with the fabrication process of the electron- 
emitting element 100 fabricated in Example 1-1, a first 
conductive electrode 102 was formed. Thereafter, a 
mixture of 3-methylbutyl acetate and 1% nitrocellulose 
by weight was coated on the first conductive electrode 
102. Subsequently, by heating the mixture to 30°C- 
90° C, the 3-methylbutyl acetate, the solvent, was evap- 
orated such that the first conductive electrode 1 02 was 
coated with nitrocellulose. Then, this supporting sub- 
strate 1 01 was passed under a corotron or scorotron 
that produces corona discharge, thereby electrically 
charging the surface of the first conductive electrode 
1 02 coated with nitrocellulose. Meanwhile, hybrid pow- 
der of substantially spherical glass or ceramic particle 
serving as a second particle 1 03 and carbon nanotube 
serving as a first particle 1 04 were electrically charged 
by friction. The hybrid powder was then contacted with 
the surface of the first conductive electrode 1 02. At this 
point, the glass or ceramic particle and the cartoon nan- 
otube were attracted to the surface of the first conduc- 
tive electrode 102 by electrostatic force and attached, 
respectively, as the second particle 1 03 and the first par- 
ticle 1 04. Next, by heating to 300°C or more in air, the 
nitrocellulose was pyrolyzed and removed, thereby con- 
figuring over the first conductive electrode 102 a cold 
cathode member 105, in which the first particle 104 
made of carbon nanotube and the second particle 103 
made of glass or ceramic particle were mixed together, 
and thus an electron-emitting element 100 was formed. 
[0165] It should be noted that other components and 
a fabrication method are the same as those described 
in Example 1 -1 , and thus description is omitted here. 
[0166] The electron-emission characteristics of the 
present example were examined in the same manner 
as in Example 1-1 and substantially the same results 
were obtained as were with the element for comparison 
(1 -3) in Example 1-1 . It should be noted, however, that 



it was confirmed that even when utilizing sphere-like 
glass or ceramic particle, the second particle can be 
electrically charged and disposed on the substrate by 
electrostatic force. 

5 

(Example 1-13) 

[0167] In Example 1-13 of the present invention, the 
electron-emitting element 1 00 fabricated in Example 1 -1 
10 was configured in such a fluorescent lamp 9000 that is 
shown in Fig. 9. 

[01 68] An electron-emitting element 1 00 having a first 
conductive electrode 102, a second particle 1 03, and a 
first particle 1 04 formed in that order on a glass support- 
's ing substrate 1 01 was disposed in a flask- 1 ike glass con- 
tainer 901 having a flat bottom surface. On the inner wall 
of the glass container 901 an ITO transparent conduc- 
tive film 902 serving as a second conductive electrode 
is coated on almost the entire surface, and on the base 
20 portion a phosphor thin film 903 is further deposited. 
[0169] The inside of the glass container 901 is a vac- 
uum, and at the opening portion of the glass container 
901 a cap 904 is provided so that the glass container 
can be screwed into a socket. In addition, at the opening 
25 portion of the glass container 901 an extraction elec- 
trode 905 that is electrically connected to the first con- 
ductive electrode 102 is provided, and the extraction 
electrode 905 is electrically insulated from the cap 904 
by an insulator 906. Here, the distance between the 
30 cathode 1 00 and the phosphor thin film 903 is set to 0.5 
to 2 mm. Further, in order to maintain this distance, di- 
electric spacers 908 made of glass fiber, bead, or the 
like were used whose diameter was the same as this 
distance. When the glass container 901 was vacuum- 
35 sealed, the temperature of the fluorescent lamp 9000 
reached 400 to 500° C. 

[0170] A bias voltage was applied between the cap 
904 and the extraction electrode 905 , using a direct-cur- 
rent power supply 907 and light emission from the phos- 
40 phor thin film 903 was observed under bias conditions 
where the voltage of the direct-current power supply 907 
was about 500 V to 2 kV. 

[0171] It should be noted that even when the glass 
supporting substrate 101 was replaced with a metal 
45 plate and the conductive electrode 1 02 was eliminated, 
a similar effect to the above was obtained. 

(Example 1-14) 

so [01 72] In Example 1 -1 4 of the present invention, using 
an electron-emitting element 1 00 fabricated in Example 
1 -2, afluorescent lamp 9000 was configured in the same 
manner as that described in Example 1 -13. Other com- 
ponents and a fabrication method are the same as those 

55 described in Example 1 -1 3, and thus description is omit- 
ted here. 

[0173] The characteristics of the fluorescent lamp of 
the present example were examined in the same man- 
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ner as in Example 1 -1 3 and light emission from a phos- 
phor thin film 903 was observed under bias conditions 
where the voltage of a direct-current power supply 907 
was about 450 V to 1 .7 kV. 

(Example 1-15) 

[0174] In Example 1-1 5 of the present invention, using 
an electron-emitting element 100 fabricated in Example 
1 -3, a fluorescent tamp 9000 was configured in the same 
manner as that described in Example 1-13. Other com- 
ponents and a fabrication method are the same as those 
described in Example 1 -1 3, and thus description is omit- 
ted here. 

[0175] The characteristics of the fluorescent lamp of 
the present example were examined in the same man- 
ner as in Example 1-13 and light emission from a phos- 
phor thin film 903 was observed under bias conditions 
where the voltage of a direct-current power supply 907 
was about 500 V to 2 kV. 

(Example 1-16) 

[0176] In Example 1-1 6 of the present invention, using 
an electron -emitting element 1 00 fabricated in Example 
1-11, a fluorescent lamp 9000 was configured in the 
same manner as that described in Example 1-13. Other 
components and a fabrication method are the same as 
those described in Example 1-13, and thus description 
is omitted here. 

[0177] The characteristics of the fluorescent lamp of 
the present example were examined in the same man- 
ner as in Example 1-13 and light emission from a phos- 
phor thin film 903 was observed under bias conditions 
where the voltage of a direct-current power supply 907 
was about 500 V to 2 kV. 

(Example 1-17) 

[0178] In Example 1-1 7 of the present invention, using 
an electron -emitting element 1 00 fabricated in Example 
1-12, a fluorescent lamp 9000 was configured in the 
same manner as that described in Example 1 -1 3. Other 
components and a fabrication method are the same as 
those described in Example 1-13, and thus description 
is omitted here. 

[0179] The characteristics of the fluorescent lamp of 
the present example were examined in the same man- 
ner as in Example 1-13 and light emission from a phos- 
phor thin film 903 was observed under bias conditions 
where the voltage of a direct-current power supply 907 
was about 500 V to 2 kV. 

(Example 1-18) 

[01 80] In Example 1 -1 8 of the present invention, using 
an electron-emitting element 1 00 fabricated in Example 
1 -4, a fluorescent lamp 9000 was configured in the same 



manner as that described in Example 1-13. Other com- 
ponents and a fabrication method are the same as those 
described in Example 1 -13, and thus description is omit- 
ted here. 

5 [0181] The characteristics of the fluorescent lamp of 
the present example were examined in the same man- 
ner as in Example 1-13 and light emission from a phos- 
phor thin film 903 was observed under bias conditions 
where the voltage of a direct-current power supply 907 

10 was about 500 V to 2 kV. 

(Example 1-19) 

[0182] In Example 1 -19 of the present invention, using 
15 an electron-emitting element 300 fabricated in Example 
1 -5, a fluorescent lamp 9000 was configured in the same 
manner as that described in Example 1 -13. Other com- 
ponents and a fabrication method are the same as those 
described in Example 1 -1 3, and thus description is omit- 
20 ted here. 

[0183] The characteristics of the fluorescent lamp of 
the present example were examined in the same man- 
ner as in Example 1-13 and light emission from a phos- 
phor thin film 903 was observed under bias conditions 
25 where the voltage of a direct-current power supply 907 
was about 500 V to 2 kV. 

(Example 1 -20) 

30 [0184] In Example 1-20 of the present invention, using 
an electron-emitting element 400 fabricated in Example 
1 -6, a fluorescent lamp 9000 was configured in the same 
manner as that described in Example 1 -13. Other com- 
ponents and a fabrication method are the same as those 

35 described in Example 1 -1 3, and thus description is omit- 
ted here. 

[0185] The characteristics of the fluorescent lamp of 
the present example were examined in the same man- 
ner as in Example 1-13 and light emission from a phos- 
40 prior thin film 903 was observed under bias conditions 
where the voltage of a direct-current power supply 907 
was about 500 V to 2 kV. 

(Example 1-21) 

45 

[0186] In Example 1-21 of the present invention, using 
an electron-emitting element 500 fabricated in Example 
1 -7, a fluorescent lamp 9000 was configured in the same 
manner as that described in Example 1-13. Other com- 
50 ponents and a fabrication method are the same as those 
described in Example 1-13, and thus description is omit- 
ted here. 

[0187] The characteristics of the fluorescent lamp of 
the present example were examined in the same man- 
55 ner as in Example 1-13 and light emission from a phos- 
phor thin film 903 was observed under bias conditions 
where the voltage of a direct-current power supply 907 
was about 500 V to 2 kV. 
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(Example 1-22) 

[0188] In Example 1 -22 of the present invention, using 
an electron-emitting element 600 fabricated in Example 
1 -8, a fluorescent lamp 9000 was configured in the same s 
manner as that described in Example 1-13. Other com- 
ponents and a fabrication method are the same as those 
described in Example 1 -1 3, and thus description is omit- 
ted here. 

[0189] The characteristics of the fluorescent lamp of 10 
the present example were examined in the same man- 
ner as in Example 1-13 and light emission from a phos- 
phor thin film 903 was observed under bias conditions 
where the voltage of a direct-current power supply 907 
was about 500 V to 2 kV. 15 

(Example 1 -23) 

[0190] In Example 1 -23 of the present invention, in ac- 
cordance with the fabrication process of an electron- 20 
emitting element 100 fabricated in Example 1-3, a first 
particle 104 and a second particle 103 were mixed in 
3-methyibutyl acetate containing 1% nitrocellulose by 
weight, thus preparing a suspension. This suspension 
was coated onto a first conductive electrode 1 02, using 25 
an ink-jet nozzle, in the same manner as in Example 
1-10 and was then allowed to dry. Subsequently, by 
heating the suspension to 300°C or more in air, the ni- 
trocellulose was pyrolyzed and removed, thus configur- 
ing over the first conductive electrode 1 02 a cold cath- 30 
ode member 1 05, in which the first particle 1 04 made of 
carbon nanotube and the second particle 103 made of 
metal fine particle are mixed together, and thus an elec- 
tron-emitting element 1 00 was formed. Other compo- 
nents and a fabrication method are the same as those 35 
described in Example 1 -3, and thus description is omit- 
ted here. 

[01 91 ] Using the electron-emitting element 1 00 fabri- 
cated in the present example, a fluorescent lamp 9000 
was configured in the same manner as that described 40 
in Example 1-13. Other components and a fabrication 
method are the same as those described in Example 
1-13, and thus description is omitted here. 
[0192] The characteristics of the fluorescent lamp of 
the present example were examined in the same man- 45 
ner as in Example 1-13 and light emission from a phos- 
phor thin film 903 was observed under bias conditions 
where the voltage of a direct-current power supply 907 
was about 500 V to 2 kV. 

50 

(Example 1-24) 

[0193] Fig. 10 is a schematic structural view of an 
electron-emitting element 1001 according to Example 
1-24 of the present invention and a fluorescent lamp 55 
10000 utilizing the electron-emitting element 1001 . Re- 
ferring to Fig. 10, the configurations and fabrication 
methods of the electron-emitting element 1 001 and the 



fluorescent lamp 10000 are described below. 
[0194] As a first conductive electrode 1002, a metal 
thin film made of Al, an Al-Li alloy, Mg, an Mg-Ag alloy, 
Au, Pt, Ag, Fe, Ni, Cu, Cr, W, Mo, Ta, Ti, or the like was 
formed, by sputtering or vacuum deposition, on a cylin- 
drical glass support member 1 003. As a second particle, 
substantially spherical metal fine particle (particle size: 
0.1 to 8 jim) made of a material such as Pt, Au, Ag, Cu, 
Ni, Rh, Pd, Co, a Cu-Sn alloy, a Cu-Zn alloy, a Cu-Ni- 
Zn alloy, a Cu-Pb alloy, a Cu-Pb-Sn alloy, a Cu-Co alloy, 
a Cu-Fe-Mn alloy, an Fe-Cr alloy, an Fe-Si alloy, an Fe- 
Mo alloy, an Fe-Mn alloy, an Fe-W alloy, an Fe-V alloy, 
an Fe-Nb alloy, stainless steel, or permalloy was dis- 
persed in a volatile organic solvent such as ethanol, iso- 
propyl alcohol, acetone, or toluene. This dispersion was 
then dripped onto the entire surface of the first conduc- 
tive electrode 1 002 and was allowed to dry, thus dispers- 
ing a second particle 1 004 over the first conductive elec- 
trode 1002. 

[0195] Subsequently, a liquid having therein carbon 
nanotube (diameter: 0.5 to 100 nm, length: 2 to 10 pm) 
serving as a first particle dispersed in the above-de- 
scribed volatile organic solvent or in water mixed with 
an appropriate surface-active agent was dripped onto 
the first conductive electrode 1 002 and was allowed to 
dry, thus dispersing a first fine particle 1005. Thereby, 
over the first conductive electrode 1 002 a cold cathode 
member 1006 made up of hybrid particle of the first fine 
particle 1 005 made of carbon nanotube and the second 
particle 1004 made of metal fine particle was formed, 
and thus an electron -emitting element 1001 was 
formed. 

[0196] In opposition to the electron-emitting element 
1001 serving as a cathode, an anode supporting sub- 
strate 1500 was disposed, which includes a cylindlical 
glass-supporting substrate 1 007 having a transparent 
electrode, serving as a second conductive electrode 
1008, made of ITO, Sn0 2 , ZnO, or the like and a phos- 
phor thin film 1 009 stacked on the inner wall surface 
thereof. The space between the anode and the cathode 
was made a vacuum, and then both ends of the cylin- 
drical glass-supporting substrates 1003 and 1007 were 
sealed. Thereby, a fluorescent lamp 1 0000 was config- 
ured. It should be noted that the distance between the 
cathode 100 and the anode 150 was set to 0.5 to 5mm, 
and in order to maintain this distance, glass plates serv- 
ing as dielectric spacers 1 01 0 were disposed at appro- 
priate locations. In addition, when sealing, the temper- 
ature of the fluorescent lamp 10000 reached 400 to 
500°C. 

[01 97] It should be noted that for the dielectric spacers 
1 01 0, glass bead or glass fiber may be used in addition 
to glass plates. 

[0198] A bias voltage was applied between the cath- 
ode 1 001 and the anode 1 500 of such a fluorescent 
lamp 10000 that was described above, using a direct- 
current power supply 1 011 . As a result, it was observed 
that under bias conditions where the voltage of the di- 



17 



33 



EP 1 225 613 A1 



34 



rect-current power supply 1011 was about 500 V to 5 
kV, electrons were emitted from the surface of the cold 
cathode member 1 006 into a vacuum and these emitted 
electrons were accelerated by an electric field created 
by the direct-current power supply 1011 and collided s 
with the phosphor thin film 1 009, whereby light emission 
from the phosphor thin film 1009 occurred. In addition, 
it was confirmed that the time variation of the brightness 
of light emission was as small as 5% or less and the 
operation was stable. 10 
[0199] Furthermore, in the foregoing Examples 1-1 to 
1 -24, as the means of applying a voltage between the 
anode and the cathode, a direct-current power supply 
was utilized; however, it is also possible to utilize an al- 
ternating-current power supply, an alternating-current is 
power supply having direct current voltage superposed 
thereon, or a means such that an alternating-current 
power supply is provided with a half -wave rectification 
circuit or a full-wave rectification circuit. 
[0200] Moreover, in the foregoing Examples 1-1 to 20 
1-24, for glass-supporting substrates 101, 106, and 
1003, it is possible to use, for example, heat-resistant 
glass (Pyrex glass, Corning 7740, 7059 and the like), 
quartz supporting substrates, or supporting substrates 
made of various types of ceramic materials (alumina 25 
and the like) or various types of glass ceramics (green 
sheets). 

[0201] For dielectric spacers 908 and 1010 in Exam- 
ples 1-13 to 1-24, ceramic, glass ceramic and the like 
can also be used in addition to glass. Further, in field 30 
emission displays of Examples 1-1 to 1-12, in order to 
maintain the distance between the cathode and the an- 
ode, dielectric spacers such as those described above 
may also be used. 

[0202] As is clear from the above description, elec- 35 
tron-emitting elements of the present invention have low 
operating voltages, large operating currents, and stable 
discharge performance. In addition, although prior art 
techniques require a polysilane coating process (a 
cleaning step and a polysilane coating step) and a UV *o 
irradiation process (an alignment step and a UV irradi- 
ation step), which in turn increases cost, the present in- 
vention does not require such processes. 
[0203] According to the present invention, a cold cath- 
ode member can be disposed over a wide area by a sim- 45 
pie coating process or printing process, and therefore 
an electron-emitting element, a large-sized field emis- 
sion display device, and a fluorescent lamp can be fab- 
ricated at low cost. 

50 

BACKGROUND ART OF THE SECOND INVENTION 
GROUP 

[0204] Cold cathode type electron-emitting elements 
have a special feature in that they do not need to be 55 
heated to high temperatures and are capable of emitting 
electrons even at low voltages. Therefore, naturally, the 
cold cathode type electron-emitting element is required 



to have element characteristics such as stable high cur- 
rent capability with a low voltage and low power con- 
sumption operation. A technique that renders such char- 
acteristics is specified in, for example, Japanese Patent 
Publication No. 2793702. This technique is described 
with reference to Fig. 20. 

[0205] Graphite is adhered onto a glass supporting 
substrate 2201, serving as a cathode supporting sub- 
strate, by screen printing or the like and is then baked, 
thereby forming a graphite electrode 2202. Tetrapod- 
like ZnO whisker powder is dispersed in a solution such 
as PdCI 2 , which is an auxiliary fluid for Ni plating, and 
the whisker powder is coated over the substrate by wet 
sedimentation. After drying, a metallic material with a 
low work function such as Ni is coated over the surface 
of the ZnO whisker, by electroless plating, to a thickness 
of several A to several tens of A. Thereby, the whisker 
is fixed onto the graphite supporting substrate 2202, 
thus configuring an emitter electrode 2203. 
[0206] Subsequently, above the emitter electrode 
2203 thus formed, a gate electrode 2204 made of, for 
example, a metal plate having mesh-like openings is 
provided at a distance of about several u.m to several 
hundreds of ujn from the tip of the ZnO whisker, using 
spacers 2205 disposed between the substrate and the 
gate electrode, thus configuring a field emission cath- 
ode 2206. 

[0207] This technique utilizes, as the electron -emis- 
sive material, whisker having a sharp tip and capable of 
maintaining its position suitably on the substrate, and 
therefore electron emission can be easily induced effi- 
ciently with a low voltage. Use of whisker having a sharp 
tip, however, has the following problems. 

(1) Only the very sharp tip of the tetrapod-like ZnO 
whisker is in contact with the graphite electrode 
2202, and therefore the contact area with the elec- 
trode is very small. For this reason, when injecting 
electrons into the ZnO whisker, electrical resistance 
is very large and thus smooth electron injection is 
not achieved. This problem cannot be sufficiently 
overcome even if the surface of the ZnO whisker is 
coated with a low work function material. 

(2) The tip of the tetrapod leg of the ZnO whisker is 
very sharp and has a great electric field concentra- 
tion effect; at the same time, however, it is easily 
broken. In order to prevent whisker from breaking, 
whisker needs to be coated over the supporting 
substrate without applying unnecessary force; how- 
ever, the above-described technique that employs 
wet sedimentation is complicated and thus is prob- 
lematic for productivity. Needless to say, when the 
leg is partly broken, the sharpness of the tip is less- 
ened, resulting in reduction in electric field concen- 
tration effect. 

(3) Furthermore, when configuring a display utiliz- 
ing an electron-emitting element, a plurality of elec- 
tron-emitting elements need to be arranged and 
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formed on one same supporting substrate; howev- 
er, with the above-described technique it is difficult 
to perform patterning without damaging the whisk- 
er. 

DISCLOSURE OFTHE SECOND INVENTION GROUP 

[0208] The principal objects of the present invention 
are to solve the foregoing problems arising with prior art 
techniques that utilize whisker and to provide a cold 
cathode electron-emitting element at low cost which 
provides a large current at low voltage operation and 
has stable discharge characteristics. These objects are 
achieved by the second invention group. The inventions 
of the second invention group feature the following con- 
figurations. 

[0209] According to a forty-fourth aspect of the sec- 
ond invention group of the present invention, there is 
provided an electron-emitting element comprising: a 
cold cathode member including hybrid particle made of 
a first particle and a second particle, the first particle be- 
ing multi-legged particle; and an electron -transporting 
member for supplying electrons to the cold cathode 
member; the cold cathode member and the electron- 
transporting member being provided on a supporting 
substrate, wherein the second particle is adhered to a 
surface of the second particle like a projection. 
[0210] According to a forty-fifth aspect of the present 
invention, in the electron-emitting element according to 
the forty-fourth aspect, the second particle is fiber- like 
particle. 

[021 1 ] According to a forty-sixth aspect of the present 
invention, in the electron-emitting element according to 
the forty-fifth aspect, the second particle is carbon fiber. 
[0212] According to a forty-seventh aspect of the 
present invention, in the electron-emitting element ac- 
cording to the forty-fifth aspect, the second particle is 
graphite having six-membered carbocycie with dangling 
o bonds. 

[0213] According to a forty-eighth aspect of the 
present invention, in the electron-emitting element ac- 
cording to the forty-fifth aspect, the second particle is 
carbon nanotube. 

[021 4] According to a forty-ninth aspect of the present 
invention, in the electron-emitting element according to 
the forty-fifth aspect, the first particle is a metal selected 
from the group consisting of Zn, Al, Si, Ti, Fe, B, and 
Mg, or an oxide, nitride, or carbide of these metals. 
[021 5] According to a fiftieth aspect of the present in- 
vention, in the electron-emitting element according to 
the forty- ninth aspect, the first particle is tetrapod-like 
whisker. 

[0216] According to a fifty-first aspect of the present 
invention, there is provided an electron-emitting ele- 
ment comprising: a cold cathode member including hy- 
brid particle made of a first particle and a second parti- 
cle, the first particle being multi-legged particle; and an 
electron-transporting member for supplying electrons to 



the cold cathode member; the cold cathode member 
and the electron -transporting member being provided 
on a supporting substrate, wherein the first particle has 
legs, at least one of the legs projecting into the space 

s and the rest of the legs being electrically connected to 
the electron-transporting member via their tips; and 
wherein the second particle is conductive and is in a vi- 
cinity of the legs of the first particle, whereby an electri- 
cal connection between the first particle and the elec- 

10 tron -transporting member is strengthened. 

[0217] According to a fifty-second aspect of the 
present invention, in the electron-emitting element ac- 
cording to the fifty-first aspect, the first particle is a metal 
selected from the group consisting of Zn, Al, Si, Ti, Fe, 

15 B, and Mg, or an oxide, nitride, or carbide of these met- 
als. 

[021 8] According to a fifty-third aspect of the present 
invention, in the electron-emitting element according to 
the fifty-second aspect, the first particle is tetrapod-like 
20 whisker. 

[021 9] According to a fifty-fourth aspect of the present 
invention, in the electron-emitting element according to 
the fifty-third aspect, the second particle is fiber-like par- 
ticle. 

25 [0220] According to a fifty-fifth aspect of the present 
invention, in the electron-emitting element according to 
the fifty-fourth aspect, the second particle is carbon fib- 
er. 

[0221 ] According to a fifty-sixth aspect of the present 
. 30 invention, there is provided an electron-emitting ele- 
ment comprising at least: a supporting substrate; an 
electron-transporting member provided on the support- 
ing substrate; a bonding layer provided on the electron- 
transporting member, the bonding layer being made of 
35 a photosensitive resin; and a cold cathode member fixed 
to the bonding layer; wherein the cold cathode member 
is made of hybrid particle including a first particle and a 
second particle. 

[0222] According to a fifty-seventh aspect of the 

40 present invention, in the electron-emitting element ac- 
cording to the fifty-sixth aspect, the bonding layer made 
of a photosensitive resin contains conductive particle. 
[0223] According to a fifty-eighth aspect of the present 
invention, in the electron-emitting element according to 

^5 the fifty-sixth aspect, the first particle and the second 
particle have different electron emission efficiencies. 
[0224] According to a fifty-ninth aspect of the present 
invention, in the electron-emitting element according to 
the fifty-sixth aspect, the first particle is multi-legged par- 

50 tide and the second particle is fiber-like particle. 

[0225] According to a sixtieth aspect of the present 
invention, in the electron-emitting element according to 
the fifty-ninth aspect, the multi-legged particle is a metal 
selected from the group consisting of Zn, Al, Si, Ti, Fe, 

55 b, and Mg, or an oxide, nitride, or carbide of these met- 
als. 

[0226] According to a sixty-first aspect of the present 
invention, in the electron-emitting element according to 
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the sixtieth aspect, the multi-legged particle is tetrapod- 
like whisker. 

[0227] According to a sixty-second aspect of the 
present invention, in the electron-emitting element ac- 
cording to the fifty-ninth aspect, the fiber-like particle is 
graphite having six-membered carbocycle with dangling 
o bonds. 

[0228] According to a sixty-third aspect of the present 
invention, in the electron -emitting element according to 
the fifty-ninth aspect, the second particle is carbon na- 
notube. 

[0229] According to a sixty-fourth aspect of the 
present invention, there is provided an electron-emitting 
element comprising at least: a supporting substrate; an 
electron-transporting member provided on the support- 
ing substrate; and a cold cathode member fixed to the 
electron -transporting member; wherein the cold cath- 
ode member is fixed by carbon or a carbonaceous res- 
idue to the electron -transporting member or to the sup- 
porting substrate, the carbon or the carbonaceous res- 
idue resulting from carbonization of a photosensitive 
resin. 

[0230] According to a sixty-fifth aspect of the present 
invention, in the electron-emitting element according to 
the sixty-fourth aspect, the cold cathode member is 
made of hybrid particle including a first particle and a 
second particle. 

[0231] According to a sixty-sixth aspect of the present 
invention, in the electron-emitting element according to 
the sixty-fifth aspect, the first particle is multi-legged par- 
ticle and the second particle is fiber-like particle. 
[0232] According to a sixty-seventh aspect of the 
present invention, in the electron-emitting element ac- 
cording to the sixty-sixth aspect, the multi-legged parti- 
cle is a metal selected from the group consisting of Zn, 
Al, Si, Ti, Fe, B, and Mg, or an oxide, nitride, or carbide 
of these metals. 

[0233] According to a sixty-eighth aspect of the 
present invention, in the electron-emitting element ac- 
cording to the sixty-seventh aspect, the multi-legged 
particle is tetrapod-like whisker. 
[0234] According to a sixty-ninth aspect of the present 
invention, in the electron-emitting element according to 
the sixty-sixth aspect, the fiber-like particle is graphite 
having six-membered carbocycle with dangling o 
bonds. 

[0235] According to a seventieth aspect of the present 
invention, in the electron-emitting element according to 
the sixty-sixth aspect, the second particle is carbon na- 
notube. 

[0236] According to a seventy-first aspect of the 
present invention, there is provided a method of fabri- 
cating an electron-emitting element comprising at least: 
forming an electron-transporting member on a support- 
ing substrate; forming a photosensitive resin layer on 
the electron-transporting member; patterning the pho- 
tosensitive resin layer by pattern exposure and devel- 
opment, whereby the photosensitive resin layer is pat- 



terned in a predetermined pattern; and bonding an elec- 
tron-emissive material to a patterned photosensitive 
resin region. 

[0237] According to a seventy-second aspect of the 
s present invention, in the method of fabricating an elec- 
tron-emitting element according to the seventy-first as- 
pect, the electron -emissive material is hybrid particle of 
a first particle and a second particle, the first particle and 
the second particle having different electron emission 
10 efficiencies. 

[0238] According to a seventy-third aspect of the 
present invention, in the method of fabricating an elec- 
tron-emitting element according to the seventy-first as- 
pect, further comprising, between the step of patterning 
is and the step of bonding, performing heat treatment by 
heating the photosensitive resin layer to a temperature 
equal to or above its softening temperature. 
[0239] According to a seventy-fourth aspect of the 
present invention, in the method of fabricating an elec- 
tron-emitting element according to the seventy-first as- 
pect, further comprising, after the step of bonding, re- 
moving an unbonded portion of the electron-emissive 
material. 

[0240] According to a seventy-fifth aspect of the 
present invention, in the method of fabricating an elec- 
tron-emitting element according to the seventy-fourth 
aspect, the step of removing is performed by spraying 
a fluid onto a surface of the supporting substrate. 
[0241] According to a seventy-sixth aspect of the 
present invention, in the method of fabricating an elec- 
tron-emitting element according to the seventy-first as- 
pect, further comprising, after the step of bonding, bak- 
ing the photosensitive resin layer. 
[0242] According to a seventy-seventh aspect of the 
present invention, in the method of fabricating an elec- 
tron-emitting element according to the seventy-fourth 
aspect, further comprising, after the step of removing, 
baking the photosensitive resin layer. 
[0243] According to a seventy-eighth aspect of the 
present invention, there is provided an electron source 
comprising at least an electron-emitting element and a 
control circuit for controlling the electron-emitting ele- 
ment, wherein: the electron-emitting element is the elec- 
tron-emitting element in accordance with the forty-fourth 
aspect. 

[0244] According to a seventy-ninth aspect of the 
present invention, there is provided an image display 
device comprising at least an electron source and an 
image-forming portion for forming images using elec- 
trons emitted from the electron source, wherein: the 
electron source is the electron source in accordance 
with the seventy-eighth aspect. 
[0245] According to an eightieth aspect of the present 
invention, there is provided an electron source compris- 
ing at least an electron-emitting element and a control 
circuit for controlling the electron-emitting element, 
wherein: the electron-emitting element is the electron- 
emitting element in accordance with the fifty-first aspect. 
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[0246] According to an eighty-first aspect of the 
present invention, there is provided an image display 
device comprising at least an electron source and an 
image-forming portion for forming images using elec- 
trons emitted from the electron source, wherein: the 
electron source is the electron source in accordance 
with the eightieth aspect. 

[0247] According to an eighty-second aspect of the 
present invention, there is provided an electron source 
comprising at least an electron-emitting element and a 
control circuit for controlling the electron-emitting ele- 
ment, wherein: the electron-emitting element is the elec- 
tron-emitting element in accordance with the fifty-sixth 
aspect. 

[0248] According to an eighty-third aspect of the 
present invention, there is provided an image display 
device comprising at least an electron source and an 
image-forming portion for forming images using elec- 
trons emitted from the electron source, wherein: the 
electron source is the electron source in accordance 
with the eighty-second aspect. 

[0249] According to an eighty-fourth aspect of the 
present invention, there is provided an electron source 
comprising at least an electron-emitting element and a 
control circuit for controlling the electron-emitting ele- 
ment, wherein: the electron-emitting element is the elec- 
tron-emitting element in accordance with the sixty-fourth 
aspect. 

[0250] According to an eighty-fifth aspect of the 
present invention, there is provided an image display 
device comprising at least an electron source and an 
image-forming portion for forming images using elec- 
trons emitted from the electron source, wherein: the 
electron source is the electron source in accordance 
with the eighty-fourth aspect. 

[0251] According to an eighty-sixth aspect of the 
present invention, there is provided a fluorescent lamp 
comprising at least an electron source and a phosphor 
surface caused to emit light by electrons emitted from 
the electron source, wherein: the electron source is the 
electron source in accordance with the seventy-eighth 
aspect. 

[0252] According to an eighty-seventh aspect of the 
present invention, there is provided a fluorescent lamp 
comprising at least an electron source and a phosphor 
surface caused to emit light by electrons emitted from 
the electron source, wherein: the electron source is the 
electron source in accordance with the eightieth aspect. 
[0253] According to an eighty-eighth aspect of the 
present invention, there is provided a fluorescent lamp 
comprising at least an electron source and a phosphor 
surface caused to emit light by electrons emitted from 
the electron source, wherein: the electron source is the 
electron source in accordance with the eighty-second 
aspect. 

[0254] According to an eighty-ninth aspect of the 
present invention, there is provided a fluorescent lamp 
comprising at least an electron source and a phosphor 



surface caused to emit light by electrons emitted from 
the electron source, wherein: the electron source is the 
electron source in accordance with the eighty-fourth as- 
pect. 

s [0255] According to a ninetieth aspect of the present 
invention, in the fluorescent lamp according to the 
eighty-ninth aspect, an extraction electrode for extract- 
ing electrons from an electron-emitting element is dis- 
posed so as to cover an electron emitting portion. 

10 [0256] According to a ninety-first aspect of the present 
invention, there is provided a method of forming a pat- 
tern comprising at least: forming a photosensitive resin 
layer on a supporting substrate; patterning the photo- 
sensitive resin layer by pattern exposure and develop- 

15 ment, whereby the photosensitive resin layer is pat- 
terned in a predetermined pattern; forming a layer to be 
patterned on a photosensitive resin region that has been 
patterned in the step of patterning, whereby the layer to 
be patterned is bonded to the photosensitive resin re- 

20 gion; and removing a portion of the layer to be patterned 
that has not been bonded in the previous step. 
[0257] According to a ninety-second aspect of the 
present invention, in the method of forming a pattern ac- 
cording to the ninety-first aspect, further comprising, af- 

25 ter the step of removing, burning off the photosensitive 
resin layer. 

BRIEF DESCRIPTION OF THE DRAWINGS IN THE 
SECOND INVENTION GROUP 

30 

[0258] 

Fig. 12 is a schematic cross sectional view of an 
electron-emitting element of Example 2-1 of the 
35 second invention group. 

Fig. 1 3 is an enlarged view of a tetrapod-like whisk- 
er particle. 

Figs. 14(a) to 14(c) are schematic views illustrating 
the process of a fabrication method of an electron- 
ic emitting element in Example 2-1 of the second in- 
vention group. 

Figs. 15(a) to 15(f) are schematic views illustrating 
the process of a fabrication method of an electron- 
emitting element in Example 2-2 of the second in- 
45 vention group. 

Figs. 16(a) to 16(f) are schematic views illustrating 
the process of a fabrication method of an electron- 
emitting element in Example 2-3 of the second in- 
vention group. 

so Figs. 1 7(a) to 1 7(d) are schematic views illustrating 
the process of a fabrication method of an electron - 
emitting element in Example 2-4 of the second in- 
vention group. 

Fig. 1 8 is a schematic structural view of an electron 
55 source according to Example 2-9 of the second in- 
vention group. 

Fig. 1 9 is a schematic structural view of an image 
display device according to Example 2-10 of the 
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second invention group. 

Fig. 20 is a view for illustrating a prior art electron- 
emitting element utilizing ZnO whisker. 

BEST MODE FOR CARRYING OUT THE SECOND 
INVENTION GROUP 

[0259] The second invention group is described in de- 
tail below with reference to the examples. It should be 
noted that members having the same functions in the 
drawings are designated by the same reference numer- 
als and thus are not further described. 

(Example 2-1 ) 

[0260] Referring to Figs. 12 to 15, an electron-emitting 
element of Example 2-1 of the present invention is de- 
scribed. Fig. 12 is a schematic cross sectional view 
showing an electron-emitting element according to Ex- 
ample 2-1 of the present invention and Fig. 13 is an en- 
larged view of a tetrapod-like whisker particle. 
[0261] An electron-emitting element shown in Fig. 12 
includes a supporting substrate 2011 made of a glass 
plate, an electron -transporting member 2001 (conduc- 
tive layer) made of an aluminum film formed on the sup- 
porting substrate 2011, and electron-emissive material 
2002 (hybrid particle) fixed to the electron-transporting 
member 2001, the electron-emissive material 2002 in- 
cluding tetrapod-like whisker with four legs 2002a (first 
particle), which is a type of multi-legged substances, 
and carbon fiber 2002c (second particle) , which is a type 
of conductive particle. In this structure, a region where 
the electron-emissive material is fixed is an electron 
emitting portion 2003 (cold cathode member). 
[0262] A fabrication method of an electron -emitting el- 
ement of the present example is described. Figs. 14(a) 
to 14(c) are schematic views illustrating the steps of a 
fabrication process. First, tetrapod-like whisker 2002a 
and conductive particle 2002c made of carbon fiber are 
dispersed in a solvent 2002d, thus preparing a mixed 
dispersion (Fig. 14(a)). For the dispersion solvent 
2002d, it is preferable to use a solvent that can be used 
to coat phosphors in a vacuum, for example, a mixture 
of 99% isoamyl acetate and 1% nitrocellulose. It should 
be noted that such a solvent is hereinafter referred to as 
a vehicle. 

[0263] Next, on a conductive layer (electron-trans- 
porting member 2001) made of an aluminum film with a 
thickness of 0.01 to 100 jim, preferably of about 0.1 to 
1 formed on a supporting substrate 201 1 , the mixed 
dispersion is coated (Fig. 14(b)). By heating the mixed 
dispersion, the vehicle is evaporated and removed, thus 
disposing on the electron-transporting member 2001 
provided on the supporting substrate 2011, the electron- 
emissive material made of hybrid particle of the tetrap- 
od-like whisker 2002a and the carbon fiber particle (Fig. 
14(c)). Thereby, an electron-emitting element of Exam- 
ple 2-1 is completed. 



[0264] This electron-emitting element has a special 
feature in the structure of the electron emitting portion 
2003 (cold cathode member). Specifically, any one of 
the four legs of the tetrapod-like whisker 2002a projects 
5 into the space and the rest of the legs are in contact with 
the electron-transporting member (conductive layer) 
2001 . In addition, some of the conductive particle 2002c 
(carbon fiber particle), which is the other component ma- 
terial of the electron -emissive material, is accumulated 
around the legs of the tetrapod-like whisker 2002a 
(which is on the side of the electron-transporting mem- 
ber 2001 ), and the rest is adhered to the surface of the 
tetrapod-like whisker 2002a as a projection. In an ele- 
ment having such a structure, the tips of the legs of the 
tetrapod-like whisker 2002a projecting into the space 
function as electron emission tips, and the tips of the 
carbon fiber particle adhered to the surface of the tetra- 
pod-like whisker 2002a function as electron emission 
tips having a high electric field concentration effect. 
[0265] On the other hand, the carbon fiber particle ac- 
cumulated around the legs of the tetrapod-like whisker 
2002a function as a conductor that facilitates electron 
flow from the electron-transporting member 2001 to the 
tetrapod-like whisker 2002a. 

[0266] As has been described above, with this config- 
uration, an electron-emitting element capable of emit- 
ting a large current at a low voltage can be realized with 
little cost increase. 

[0267] Here, the tetrapod-like whisker (first particle) 
in the present example had an average diameter of 
about 20 microns and the carbon fiber (second particle), 
serving as the conductive particle, had a diameter of the 
order of submicrons (0.1 to 0.9 and a length of the 
order of microns. 

[0268] A means for performing the above-described 
coating is not particularly specified, but for example, the 
following techniques can be employed. The first tech- 
nique is coating, in advance, a region having a prede- 
termined pattern with the above-described dispersion; 
specific examples include printing and casting. Printing 
is suitable for a case where a substrate surface, that to 
be coated, is flat and has no such irregularities (includ- 
ing structures) that are obstacles when coating. On the 
other hand, casing is atechnique in which the necessary 
amount of a dispersion is dripped onto a predetermined 
region using a dispenser and the like, and thus even 
when a substrate surface has irregularities, coating is 
possible. 

[0269] The second technique is coating a dispersion 
on the entire surface of a substrate and then forming the 
coated surface into a predetermined pattern; specifical- 
ly, for example, after coating the entire surface of a sub- 
strate by spin coating or dipping and removing the sol- 
vent, a technique of cutting away an unnecessary coat- 
ed portion, or a technique that utilizes photolithography 
may be used. These techniques provide advantages 
such as good efficiency in coating operation and facili- 
tation of fine patterning. 
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[0270] It should be noted that tetrapod-like whisker 
and fiber-like particle are easily broken, therefore it is 
preferable to use a coating means that does not put un- 
necessary stress on whisker and fiber. 
[0271] Here, tetrapod-like whisker is not particularly 
specified, but for example, "Pana-Tetra" (trade name; 
available from Matsushita Amtec Co., Ltd.), which is 
made of ZnO, can be used. The size of whisker is not 
particularly specified either, but generally, whisker of 
about 1 0 u.m (for example, 1 to 30 urn) is used. 
[0272] Furthermore, in the foregoing example, tetra- 
pod-like whisker with four legs was used, but the number 
of legs is not limited to four; whisker with at least three 
legs is sufficient. This is because when a whisker has 
at least three legs, while at least one of the legs projects 
into the space, the whisker can stand on its own with the 
rest of the legs. It should be noted that in the present 
specification, a particle having three or more legs is re- 
ferred to as a multi-legged particle. 
[0273] Moreover, for the conductive particle, it is pref- 
erable to use a material with a shape that has both prop- 
erties of good conductivity and low electric field electron 
emission. Such a material includes, for example, carbon 
fiber, carbon nanotube, and whisker. Of these materials, 
it is particularly preferable to use such conductive par- 
ticle that is mainly composed of graphite having six- 
mem be red carbocycle with dangling o bonds, because 
such particle can be expected to provide large current 
discharge at low electric field and also has excellent sta- 
bility in terms of material properties. 

(Example 2-2) 

[0274] In Example 2-2, by employing another fabrica- 
tion method, hybrid particle was prepared in which more 
carbon fiber particles were adhered to the surface of 
tetrapod-like whisker. Except that such hybrid particle 
was utilized as the electron-emissive material, the 
present example is the same as the foregoing Example 
2-1 . Hence, the present example focuses on describing 
a fabrication method. 

[0275] Figs. 1 5(a) to (f) are schematic views for illus- 
trating a fabrication process in the present example. Re- 
ferring to these drawings, a fabrication method of an el- 
ement of Example 2-2 is described. 
[0276] First, a first dispersion is prepared in which 
tetrapod-like whisker is dispersed in a solvent (vehicle) 
similar to the one used above, and the first dispersion 
is coated over a conductive layer (electron-transporting 
member 201 1 ) provided on a supporting substrate 201 1 
(Fig. 15 (b)). Subsequently, the coated surface is heated 
and dried such that only the tetrapod-like whisker is dis- 
posed on the supporting substrate 2011 (Fig. 15 (c)). 
[0277] Next, a second dispersion is prepared in which 
carbon fiber, which is conductive fiber-like particle, is 
dispersed in a solvent similar to the one used above, 
and the second dispersion (Fig. 15 (d)) is coated over 
the tetrapod-like whisker that was disposed on the sup- 



porting substrate 2011 in the foregoing step (Fig. 15 (e)). 
Subsequently, the coated surface is heated and dried, 
whereby the carbon fiber is adhered to the surface of 
the tetrapod-like whisker and to the surface of the con- 
5 ductive layer (Fig. (f)). 

[0278] Thus, an electron -emitting element of Example 
2-2 is completed. In this fabrication method, first, tetra- 
pod-like whisker is coated and then carbon fiber is coat- 
ed, thus allowing more carbon fibers to be adhered to 
10 the surface of the tetrapod-like whisker as projections 
than in the case of Example 2-1 where two different 
types of particles are coated at the same time using a 
mixed dispersion. The tip of such carbon fiber functions 
as electron emission tips. Therefore, according to the 
is present example, a higher electron emission density 
can be realized at a lower voltage. 
[0279] Furthermore, with this method, inconvenience 
resulting from different specific gravities between parti- 
cles can be avoided. 

[0280] Specifically, in a case where a mixed disper- 
sion is used in which particles of multiple types are dis- 
persed in a single solution, when the difference of the 
specific gravity between each particle is great, a non- 
uniform dispersion results, and thus the composition of 
the particles on the coated surface becomes non-uni- 
form. However, this phenomenon does not occur when 
using a dispersion in which particles of a single type are 
dispersed. 

[0281 ] In the present invention, a particle whose prin- 
cipal role is to emit electrons is referred to as an electron 
emitting particle (first particle) and a particle whose prin- 
cipal role is to lessen resistance when electrons flow to 
the electron emitting particle, and/or to control the posi- 
tion of the electron emitting particle so as to be advan- 
tageous for electron emission is referred to as a posi- 
tion-controlling particle (second particle). According to 
these definitions, the tetrapod-like whisker in Example 
2-2 serves as a position-controlling particle (second par- 
ticle) which controls the position of carbon fiber so that 
the carbon fiber emits electrons easily, and the carbon 
particle in the same example serves as an electron emit- 
ting particle (first particle). It should be noted, however, 
electrons are, of course, also emitted from the tetrapod- 
like whisker and therefore whether particle is designated 
as a first particle or a second particle is determined rel- 
atively, considering the whole balance. 
[0282] It should be noted that the coating means de- 
scribed in Example 2-1 can also be employed in the 
present example. 

(Example 2-3) 

[0283] Example 2-3 is the same as the foregoing Ex- 
ample 2 : 1 , except that as the electron -emissive materi- 
al, hybrid particle is used in which more carbon fiber par- 
ticle is accumulated around the legs of tetrapod-like 
whisker. In addition, a fabrication method employed in 
the present example is similar to that described in the 
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foregoing Example 2-2, except that the compositions of 
the first and second dispersions are different from those 
in Example 2-2. Referring to Figs. 16(a) to 16(0, a fab- 
rication method is described below which allows more 
carbon fiber particle to be accumulated around the legs 
of tetrapod-like whisker. 

[0284] First, a first dispersion (Fig. 16(a)) is prepared 
in which carbon fiber particle is dispersed in a solvent 
(vehicle) similar to the one used above, and the first dis- 
persion is coated over a conductive layer (electron- 
transporting member 2011) provided on a supporting 
substrate 2011 (Fig. 16 (b)). Subsequently, the coated 
surface is heated and dried such that only the carbon 
fiber particle is disposed on the supporting substrate 
2011 (Fig. 16 (c)). 

[0285] Next, a second dispersion is prepared in which 
tetrapod-like whisker particle is dispersed in a solvent 
similar to the one used above, and the second disper- 
sion (Fig. 16 (d)) is coated over the carbon fiber particle 
2002c that was disposed on the supporting substrate 
2011 in the foregoing step (Fig. 16 (e)). Subsequently, 
the coated surface is heated and dried, thereby forming 
an electron emitting portion (cold cathode member) in 
which more carbon fiber particle is accumulated around 
the legs of the tetrapod-like whisker (Fig. 16 (f)). 
[0286] Thereby, an electron-emitting element of Ex- 
ample 2-3 is completed. This fabrication method differs 
from that of the foregoing Example 2-2 in that carbon 
fiber particle first is coated and then tetrapod-like whisk- 
er particle is coated. With this fabrication method, it is 
possible to fabricate an electron-emitting element that 
provides a smooth flow of electrons to the electron- 
emissive material, which can be explained as follows. 
Since the tips of the legs of tetrapod-like whisker particle 
are extremely thin, the electrical resistance between the 
whisker particle and the conductive layer (electron- 
transporting member 2001) is large, but with this con- 
figuration, conductive carbon fiber is accumulated 
around the legs of tetrapod-like whisker particle and 
functions to reduce the electrical resistance. 
[0267] It should be noted that the tetrapod-like whisk- 
er particle in the present example corresponds to elec- 
tron emitting particle (first particle) and the carbon fiber 
particle to position-controlling particle (second particle) 
which supports the electron emitting particle. It should 
also be noted, however, that the role of the second par- 
ticle in the present example is principally to provide an 
effect of improving conductivity and thus the second par- 
ticle has only a small effect on position control. 

(Example 2-4) 

[0288] The present example has a special feature in 
that such a fabrication method was employed that a 
bonding layer is formed in advance on a conductive lay- 
er (electron-transporting member 2001 ) provided on a 
supporting substrate and by using this bonding layer, 
electron-emissive material is fixed to the conductive lay- 



er. Except this feature, ail other components are the 
same as those of the foregoing Example 2-1. The 
present example is described below with reference to 
Figs. 17(a) to 17(d). 
5 [0289] First, on a supporting substrate made of a 
glass plate 2011 having formed thereon a conductive 
layer (electron-emitting member 2001) made of an alu- 
minum film, a bonding layer 2005 made of a photosen- 
sitive resin was formed (Fig. 17(a)). Here, for the pho- 
tosensitive resin, a positive photoresist OFPR-5000 
(available from Tokyo Ohka Kogyo Co., Ltd.) was used, 
and the paste-like resist was coated, by spin coating, on 
the conductive layer to a thickness of 2 to 6 \im. 
[0290] After the foregoing coating, pre-baking was 
performed using a hot plate at 90°C for 90 seconds. It 
should be noted that the coated photosensitive resist 
does not have bonding properties at this point; bonding 
properties are induced by subsequent treatment. 
[0291] Furthermore, the bonding layer 2005 made of 
a photosensitive resist was exposed and developed, 
and then was patterned into such a pattern and a size 
that are suitable for forming electron emitting portions 
(coid cathode members) (Fig. 1 7(b)). The exposure con- 
ditions were set to 1 00 mW/cm 2 . In addition, for the de- 
velopment, NMD-3 was used and astatic-paddle devel- 
opment was performed. 

[0292] Next, the above-described tetrapod-like whisk- 
er particle and carbon fiber particle were dispersed in a 
solvent (vehicle), thus preparing a mixed dispersion. 
The mixed dispersion was then coated on the substrate 
having thereon a pattern formed in the foregoing step 
(Fig. 1 7 (c)). Here, as a coating technique, for example, 
spin coating or casting can be employed. It should be 
noted that the hybrid particle of the tetrapod-like whisker 
and the carbon fiber particle are to function as the elec- 
tron-emissive material. 

[0293] After the mixed dispersion has been coated, 
the supporting substrate 2011 was subjected to a heat 
treatment at 160°C for 3 minutes. This temperature is 
higher than the post-baking temperature of the photore- 
sist OFPR5000, and therefore by this heat treatment, 
the bonding layer 2005 (resist pattern) which was pat- 
terned in the foregoing step is softened, thus taking on 
bonding properties. Consequently, the hybrid particle of 
the tetrapod-like whisker and the carbon fiber particle 
are selectively bonded to the patterned bonding layer 
2005. Then, unbonded hybrid particle was removed 
from the substrate. 

[0294] For a technique for removing unbonded hybrid 
particle from the substrate, it is preferable to employ a 
non-contact technique which is unlikely to damage the 
tetrapod-like whisker and the tike; such an example in- 
cludes a technique in which purified water is sprayed 
like a shower onto the substrate surface. 
[0295] Thus, an electron-emitting element is complet- 
ed in which a plurality of electron emitting portions (cold 
cathode members) are patterned and formed on the 
supporting substrate 201 1 (Fig. 1 7 (d)). Tn this electron- 
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emitting element, the electron-emissive material is 
bonded to the substrate by the bonding layer 2005, and 
thus the element has excellent durability and stability. In 
addition, according to this method, by patterning the 
bonding layer the electron emitting portions can be pat- 
terned and formed without any external force acting on 
the electron -emissive material. Hence, the problem of 
degradation in element performance, resulting from the 
breaking of the legs of the tetrapod-like whisker particle 
during patterning, does not occur. 
[0296] In the above description, as a material for form- 
ing the bonding layer 2005, a photosensitive resist 
whose bonding properties are induced by heat treat- 
ment was used, but the material is not limited thereto; 
other materials may be used so long as the materials 
have bonding properties and are patternable. 
[0297] Moreover, after coating the photosensitive re- 
sist 2005 on the entire surface of the substrate, pattern- 
ing was performed and then bonding properties were 
induced, but the steps are not limited thereto. It is also 
possible to perform patterning after the electron-emis- 
sive materials have been bonded. In addition, it is also 
possible to employ a technique in which the bonding lay- 
er 2005 itself is first patterned by printing, casting, or the 
like and then is coated. 

[0298] Furthermore, in the above description, the 
electron-emissive material was coated on the bonding 
layer using a mixed dispersion, but it is also possible to 
employ a technique in which mixed powder is directly 
sprinkled over the substrate. 

[0299] In the present example, for.increasing the pos- 
sibility of contact between the electron-emissive mate- 
rial and the electron-transporting member, it is prefera- 
ble that the second particle be such that it is smaller in 
size or in volume than the first particle (for example, 
tetrapod-like whisker particle). 

(Example 2-5) 

[0300] The present example is the same as the fore- 
going Example 2-4, except that conductive particle is 
mixed in a bonding layer 2005. Specifically, an electron- 
emitting element of Example 2-5 was fabricated using 
the above-described photoresist (OFPR-5000) in which 
a suitable amount of carbon particle was mixed. Other 
components are the same as those of Example 2-4. 
[0301 ] The present example is preferable because an 
improvement in conductivity between an electron-trans- 
porting member 2001 and electron-emissive material 
2002 is achieved. 

[0302] Here, for the conductive particle, it is possible 
to use the above-described carbon fiber particle and the 
like; however, as the object of the conductive particle is 
to provide conductivity to the bonding layer, it is prefer- 
able that conductive particle have excellent conductivity 
and have such size, shape, and material that do not ad- 
versely affect the exposure and development of the pho- 
tosensitive resist and the resolution of patterning. An ex- 



ample of conductive particle that can be used directly 
for this application includes a photoresist for color filters 
and black matrix which is used for liquid crystal display 
devices (for example, PMER6020EK and the like, avail- 
5 able from Tokyo Ohka Kogyo Co., Ltd.). This photoresist 
is favorable because it contains carbon particle of suit- 
able particle size at a suitable concentration. 

(Example 2-6) 

10 

[0303] An electron-emitting element according to Ex- 
ample 2-6 was fabricated in the same manner as the 
foregoing Example 2-5, except that only tetrapod-like 
whisker particle was used as the electron-emissive ma- 
is terial. 

[0304] The present example is intended to verify that 
the continuity between electron -emissive material and 
an electron-transporting member can be ensured even 
when using only tetrapod-like whisker particle. By an ac- 
20 tual continuity test, it was confirmed that the continuity 
is ensured. 

(Example 2-7) 

25 [0305] The foregoing Example 2-6 employed a proc- 
ess including the following steps: (i) coating a photosen- 
sitive resist paste; (ii) pre-baking at90°C for 90 minutes; 
(iii) patterning; (iv) coating a hybrid particle dispersion; 
(v) carrying out heat treatment at 160°C for 3 minutes; 

30 and (vi) removing unbonded particle. On the other hand, 
Example 2-7 employed a process in which the above- 
described step (v) was omitted, and a step of performing 
heat treatment at 1 60°C for 3 minutes was inserted be- 
tween the above-described steps (iii) and (iv), and fur- 

35 ther a step of sprinkling hybrid particle was employed 
instead of the above-described step (iv). Otherwise, the 
same steps as those in Example 2-6 were carried out, 
and thus an electron-emitting element according to Ex- 
ample 2-7 was fabricated. 

40 [0306] According to this fabrication method, by sprin- 
kling electron-emissive material, it is possible to form a 
patterned electron emitting portion (cold cathode mem- 
ber) on the substrate. It should be noted that in the 
present example, it is also possible to add a baking step, 

45 as will be described below, subsequent to the step (vi) 
of removing unbonded particle. 

(Example 2-8) 

so [0307] An electron-emitting element according to Ex- 
ample 2-7 was fabricated in the same manner as the 
foregoing Example 2-5, except that a step of baking a 
bonding layer 2005 was further added subsequent to the 
step (d) shown in Fig. 17 in Example 2-4. 

55 [0308] Specifically, after unbonded hybrid particle 
which was not bonded to a bonding layer 2005 had been 
removed from a substrate, an entire supporting sub- 
strate 2011 was subjected to heat treatment at 500°C 
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for one hour. This temperature is a temperature equal 
to or higher than the burnout temperature of a resist 
OFPR5000. Hence, the resist OFPR5000 of which the 
bonding layer is formed is burned off. It should be noted, 
however, that in a portion where electron-emissive ma- 
terial was in direct contact with the resist, i.e., between 
the electron-emissive material and a conductive layer 
(electron-transporting member 2001), a small amount 
of carbon or carbonaceous material derived from the re- 
sist remains. The residue (carbon or carbonaceous ma- 
terial) acts to provide continuity between the electron- 
emissive material and the conductive layer and aiso to 
make the electron-emissive material adhere to the con- 
ductive layer. 

[0309] Thus, according to the present example, by the 
presence of a small amount of remaining carbon or car- 
bonaceous material, the electron -emissive material 
such as tetrapod-like whisker particle is securely fixed 
to the substrate surface and the continuity between the 
electron -emissive material and the conductive layer 
(electron-transporting member 2001) is provided. 
[0310] Moreover, since the photosensitive resist 
(bonding layer), which is an organic material, is com- 
pletely removed, even when an electron -emitting device 
is configured and operated over a long period of time, 
there is no degradation in device performance resulting 
from the sublimation of resist components. Thus, with 
the present example, an electron-emitting element with 
excellent electron emission performance and high reli- 
ability can be provided. 

[0311] Furthermore, according to the fabrication 
method described in the present example, carbon or 
carbonaceous residues improve the continuity between 
the electron -emissive material and the conductive layer, 
thus it is not always necessary to use hybrid particle 
which contains a second particle. 

(Example 2-9) 

[0312] Using electron-emitting elements of Example 
2-1, such an electron source that is shown in Fig. 18 
was fabricated. Fig. 18 is a schematic structural view of 
the electron source. As shown in the drawing, the elec- 
tron source of Example 2-9 is configured utilizing such 
basic components as a supporting substrate 201 1 made 
of glass, a plurality of electron emitting portions (cold 
cathode members) 2003 formed on the supporting sub- 
strate in a matrix form, and electron extraction elec- 
trodes 2004 that control the amount of electrons extract- 
ed from electron-emissive material 2002a. 
[0313] With this configuration, electron-transporting 
members 2001 , which are part of the electron emitting 
portions, are connected to a circuit that transmits electric 
signals for electron emission to the electron emitting 
portions, and according to these electric signals, elec- 
trons are emitted from the electron-emitting eiements. 
The electron-transporting members 2001 and the circuit 
connected to the electron -transporting members are 



formed on the supporting substrate 2011 in a pattern. 
[0314] Since this electron source employs the elec- 
tron-emitting elements of Example 2-1 having excellent 
electron-emission characteristics, a large current dis- 

5 charge was made possible at a low voltage and also ex- 
traction of stable emission current was realized. It 
should be noted that in the present example the electron 
source was configured utilizing the electron-emitting el- 
ements described in the foregoing Example 2-1 , how- 

10 ever, the present example is, of course, not limited 
thereto; it is also possible to utilize any of the elements 
of Examples 2-2 to 2-8 as the electron-emitting ele- 
ments for the electron source. 

is (Example 2-10) 

[0315] An image display device such as one shown 
in Fig. 1 9 (schematic structural view) was fabricated uti- 
lizing an electron source of the foregoing Example 2-9. 

20 The image display device includes, as shown in Fig. 1 9: 
a supporting substrate 2011 made of glass and having 
formed thereon electron-transporting members 2001 
and electron emitting portions (cold cathode members) 
2003; an anode supporting substrate 2012 made of 

25 glass and having formed on the inner surface thereof an 
anode electrode with a coating of phosphors, the anode 
supporting substrate being opposed to the supporting 
substrate 2011; auxiliary members 2013 which cover 
the sides; and electron extraction electrodes 2004 dis- 

30 posed midway between the two substrates. A hermeti- 
cally sealed package is configured with a supporting 
substrate 201 1 , the auxiliary members 201 3, and the op- 
posing substrate 2012, and the inside of the package is 
a vacuum, it should be noted that the electron extraction 

35 electrodes 2004 are to control the number of electrons 
extracted from electron-emissive material 2002a, and 
electrons extracted by the electron extraction electrodes 
2004 collide with the phosphors provided on the surface 
of the anode electrode and thus light is emitted, thereby 

40 displaying images. 

[0316] This image display device utilizes, as an elec- 
tron source, the electron source of the foregoing Exam- 
ple 2-9 which is capable of discharging a large current 
at a low voltage and of extracting stable emission cur- 

45 rent. Therefore, high-quality image display was realized 
with low voltage operation. 

[0317] As was described above, according to the in- 
ventions of the second invention group, a multi-legged 
substance whose legs are easily broken such as tetra- 

so pod-like whisker can be fixed to and disposed on the 
supporting substrate in ideal conditions. According to 
the present invention, excellent characteristics of multi- 
legged substances, as electron-emissive material, are 
sufficiently exhibited, and thus improvement in perfonm- 

55 ance of electron -emitting elements can be realized. 
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INDUSTRIAL APPLICABILITY 

[031 8] As has been described above, according to the 
present invention, for example, hybrid particle of fine 
particles having different electron emission efficiencies s 
such as carbon nanotube and carbon fiber can be dis- 
posed on and fixed over a large area with few process 
steps and good productivity. In addition, cold cathode 
members according to the present invention which are 
configured utilizing hybrid particle have excellent elec- 10 
tron-emission characteristics including large operating 
current extraction at low voltage operation and stable 
electron emission performance. Hence, according to as- 
pects of the present invention that employ such cold 
cathode members, high-performance electron-emitting 15 
elements, electron sources, image display devices, flu- 
orescent lamps and the like can be provided at low cost. 
Thus, the value of the present invention to industry is 
considerable. 



Claims 

1 . An electron-emitting element comprising at least a 
first electrode and a cold cathode member disposed 25 
on a support member, 

wherein the cold cathode member is made up 
of hybrid particle of at least a first particle and a sec- 
ond particle, the first and second particles having 
different electron emission efficiencies. 30 

2. The electron -emitting element according to claim 1 , 
wherein the second particle controls a position of 
the first particle. 

35 

3. The electron-emitting element according to claim 1 , 
wherein: 

the first particle is rod-like or plate-like; and 
the second particle controls the position of the *o 
first particle so that the first particle is posi- 
tioned at a certain angle to, not parallel to, the 
first electrode. 

4. The electron-emitting element according to claim 1 , *s 
wherein the first particle is mainly composed of car- 
bon. 

5. The electron-emitting element according to claim 4, 
wherein the first particle includes one selected from so 
the group consisting of graphite particle, carbon na- 
notube, and carbon fiber. 

6. The electron-emitting element according to claim 1 , 
wherein the first particle is nanotube having an atom 55 
such as carbon, silicon, boron, nitrogen, and oxy- 
gen fixed thereto. 



7. The electron -emitting element according to claim 1 , 
wherein the second particle is substantially spheri- 
cal. 

8. The electron-emitting element according to claim 1 , 
wherein the second particle is made of an aggre- 
gate of sphere-like particles. 

9. The electron-emitting element according to claim 1 , 
wherein the second particle is conductive. 

10. The electron-emitting element according to claim 1 , 
wherein the second particle is whisker. 

11. The electron-emitting element according to claim 
10, wherein the second particle is mainly composed 
of at least one selected from the group consisting 
of a titanium atom, an aluminum atom, a boron at- 
om, a carbon atom, a silicon atom, a zinc atom, and 
an oxygen atom. 

12. The electron-emitting element according to claim 3, 
wherein the height of the second particle is smaller 
than the size of the first particle. 

13. The electron-emitting element according to claim 1 , 
wherein between the cold cathode member and a 
second electrode, a third electrode is disposed for 
controlling the number of electrons emitted per unit 
of time from a surface of the cold cathode member. 

1 4. A field emission display device comprising the elec- 
tron-emitting element in accordance with claim 1, 
wherein a surface of the cold cathode member of 
the electron-emitting element functions as an elec- 
tron emission source of the field emission display 
device. 

15. A fluorescent lamp comprising the electron-emitting 
element in accordance with claim 1 , wherein a sur- 
face of the cold cathode member of the electron- 
emitting element functions as an electron emission 
source of the fluorescent lamp. 

16. The fluorescent lamp according to claim 1 5, where- 
in a second electrode is disposed so as to cover the 
first electrode. 

17. A method of fabricating an electron-emitting ele- 
ment comprising at least a first electrode and a cold 
cathode member disposed on a support member, 
the cold cathode member including hybrid particle 
made of a first particle and a second particle, the 
method comprising at least: 

forming a first electrode on a support member; 
dispersing a first particle over a surface of the 
first electrode; and 
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fanning a cold cathode member by dispersing 
a second particle over the surface of the first 
electrode. 

18. The method of fabricating an electron -emitting ele- 
ment according to claim 1 7, wherein the first particle 
and the second particle have different electron 
emission efficiencies. 

19. The method of fabricating an electron-emitting ele- 
ment according to claim 1 7, wherein either the first 
particle or the second particle is particle for emitting 
electrons and the other one is particle for controlling 
a position of the particle for emitting electrons. 

20. The method of fabricating an electron-emitting ele- 
ment according to claim 17, wherein the step of 
forming a cold cathode member is such that the sec- 
ond particle is dispersed after pressure is applied 
to the first particle that has been dispersed over the 
surface of the electrode. 

21. The method of fabricating an electron-emitting ele- 
ment according to claim 17, wherein the step of 
forming a cold cathode member is such that at least 
the second particle is electrically charged and the 
second particle is dispersed over the first electrode 
in an atmosphere where an electric field is applied. 

22. A method of fabricating an electron-emitting ele- 
ment comprising at least a first electrode and a cold 
cathode member that are disposed on a support 
member, the coid cathode member including hybrid 
particle made of a first particle and a second parti- 
cle, the method comprising at least: 

forming a first electrode on a support member; 
and 

forming a cold cathode member by simultane- 
ously dispersing a first particle and a second 
particle over a surface of the first electrode. 

23. The method of fabricating an electron-emitting ele- 
ment according to claim 22, wherein the first particle 
and the second particle have different electron 
emission efficiencies. 

24. The method of fabricating an electron -emitting ele- 
ment according to claim 22, wherein either the first 
particle or the second particle is particle for emitting 
electrons and the other one is particle for controlling 
a position of the particle for emitting electrons. 

25. The method of fabricating an electron-emitting ele- 
ment according to claim 22, wherein the step of 
forming a cold cathode member is such that the first 
particle and the second particle are electrically 
charged and the first particle and the second parti- 



cle are simultaneously dispersed over the first elec- 
trode in an atmosphere where an electric field is ap- 
plied. 

5 26. The method of fabricating an electron -emitting ele- 
ment according to claim 22, wherein the step of 
forming a cold cathode member is such that a dis- 
persion in which the first particle and the second 
particle are dispersed in a volatile solvent is pres- 
to surized and the dispersion is discharged from a 
nozzle so that the dispersion is adhered to the sur- 
face of the first electrode. 

27. A method of fabricating a field emission display de- 
15 vice comprising at least: 

fanning an electron-emitting element according 
to the method of fabricating an electron-emit- 
ting element in accordance with claim 1 7; 
20 forming an anode substrate having on a surface 

thereof a phosphor layer and a second elec- 
trode; and 

disposing the cold cathode member and the 
phosphor layer so as to oppose one another, 
25 so that the cold cathode member functions as 

an electron emission source for the phosphor 
layer. 

28. A method of fabricating a field emission display de- 
30 vice comprising at least: 

forming an electron -emitting element according 
to the method of fab heating an electron-emit- 
ting element in accordance with claim 20; 
35 forming an anode substrate having on a surface 

thereof a phosphor layer and a second elec- 
trode; and 

disposing the cold cathode member and the 
phosphor layer so as to oppose one another, 
40 so that the cold cathode member functions as 

an electron emission source for the phosphor 
layer. 

29. A method of fabricating a field emission display de- 
45 vice comprising at least: 

forming an electron-emitting element according 
to the method of fabricating an electron-emit- 
ting element in accordance with claim 21 ; 
so forming an anode substrate having on a surface 

thereof a phosphor layer and a second elec- 
trode; and 

disposing the cold cathode member and the 
phosphor layer so as to oppose one another, 
55 so that the coid cathode member functions as 

an electron emission source for the phosphor 
layer. 
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30. A method of fabricating a field emission display de- 
vice comprising at least: 

forming an electron-emitting element according 
to the method of fabricating an electron-emit- 
ting element in accordance with claim 22; 
forming an anode substrate having on a surface 
thereof a phosphor layer and a second elec- 
trode; and 

disposing the cold cathode member and the 
phosphor layer so as to oppose one another, 
so that the cold cathode member functions as 
an electron emission source for the phosphor 
layer. 

31 . A method of fabricating a field emission display de- 
vice comprising at least: 

forming an electron -emitting element according 
to the method of fabricating an electron-emit- 
ting element in accordance with claim 25; 
forming an anode substrate having on a surface 
thereof a phosphor layer and a second elec- 
trode; and 

disposing the cold cathode member and the 
phosphor layer so as to oppose one another, 
so that the cold cathode member functions as 
an electron emission source for the phosphor 
layer. 

32. A method of fabricating a field emission display de- 
vice comprising at least: 

forming an electron -emitting element according 
to the method of fabricating an electron-emit- 
ting element in accordance with claim 26; 
forming an anode substrate having on a surface 
thereof a phosphor layer and a second elec- 
trode; and 

disposing the cold cathode member and the 
phosphor layer so as to oppose one another, 
so that the cold cathode member functions as 
an electron emission source for the phosphor 
layer. 

33. A method of fabricating a fluorescent lamp compris- 
ing at least: 



layer. 

34. A method of fabricating a fluorescent lamp compris- 
ing at least: 

5 

forming an electron-emitting element according 
to the method of fabricating an electron-emit- 
ting element in accordance with claim 20; 
forming an anode substrate having on a surface 
10 thereof a phosphor layer and a second elec- 

trode; and 

disposing the cold cathode member and the 
phosphor layer so as to oppose one another, 
so that the cold cathode member functions as 
15 an electron emission source for the phosphor 

layer. 

35. A method of fabricating a fluorescent lamp compris- 
ing at least: 

20 

forming an electron-emitting element according 
to the method of fabricating an electron-emit- 
ting element in accordance with claim 21 ; 
forming an anode substrate having on a surface 
25 thereof a phosphor layer and a second elec- 

trode; and 

disposing the cold cathode member and the 
phosphor layer so as to oppose one another, 
so that the cold cathode member functions as 
30 an electron emission source for the phosphor 

layer. 

36. A method of fabricating a fluorescent lamp compris- 
ing at least: 

35 

forming an electron-emitting element according 
to the method of fabricating an electron-emit- 
ting element in accordance with claim 22; 
forming an anode substrate having on a surface 
40 thereof a phosphor layer and a second elec- 

trode; and 

disposing the cold cathode member and the 
phosphor layer so as to oppose one another, 
so that the cold cathode member functions as 
45 an electron emission source for the phosphor 

layer. 

37. A method of fabricating a fluorescent lamp compris- 
ing at least: 



forming an electron-emitting element according 
to the method of fabricating an electron-emit- so 
ting element in accordance with claim 1 7; 
forming an anode substrate having on a surface 
thereof a phosphor layer and a second elec- 
trode; and 

disposing the cold cathode member and the 55 
phosphor layer so as to oppose one another, 
so that the cold cathode member functions as 
an electron emission source for the phosphor 



25 



forming an electron-emitting element according 
to the method of fabricating an electron-emit- 
ting element in accordance with claim 25; 
forming an anode substrate having on a surface 
thereof a phosphor layer and a second elec- 
trode; and 

disposing the cold cathode member and the 
phosphor layer so as to oppose one another, 
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so that the cold cathode member functions as 
an electron emission source for the phosphor 
layer. 

38. A method of fabricating a fluorescent lamp compris- 
ing at least: 

forming an electron-emitting element according 
to the method of fabricating an electron-emit- 
ting element in accordance with claim 26; 
forming an anode substrate having on a surface 
thereof a phosphor layer and a second elec- 
trode; and 

disposing the cold cathode member and the 
phosphor layer so as to oppose one another, 
so that the cold cathode member functions as 
an electron emission source for the phosphor 
layer. 

39. A field emission element comprising at least: 

a cold cathode member made of hybrid particle 
including a first particle for emitting electrons 
into the space and a second particle for control- 
ling a position of the first particle, the second 
particle being In the vicinity of the first particle; 
and 

an electron-transporting member for supplying 
electrons to the cold cathode member; 

wherein the cold cathode member and the 
electron-transporting member are provided on a 
substrate. 

40. The field emission element according to claim 39, 
wherein the first particle has a higher electron emis- 
sion efficiency than the second particle. 

41 . The field emission element according to claim 40, 
wherein the second particle is conductive. 

42. The field emission element according to claim 39, 
wherein: 

the first particle is in direct contact with the sec- 
ond particle, is in contact with the electron - 
transporting member directly or via the second 
particle, and is in contact with a surface of the 
supporting substrate directly or via the second 
particle or via both the second particle and the 
electron -transporting member; and 
a non-contact area of the first particle that 
projects into the space is larger than a contact 
area of portions of the first particle in contact 
with other members. 

43. The field emission element according to claim 42, 
wherein the second particle is conductive. 



44. An electron-emitting element comprising: 

a cold cathode member including hybrid parti- 
cle made of a first particle and a second parti- 
5 cle, the first particle being multi-legged particle; 

and 

an electron -transporting member for supplying 
electrons to the cold cathode member; 
the cold cathode member and the electron- 
' 10 transporting member being provided on a sup- 

porting substrate, 

wherein the second particle is adhered to a 
surface of the second particle like a projection. 

15 

45. The electron-emitting element according to claim 

44, wherein the second particle is fiber-like particle. 

46. The electron -emitting element according to claim 
20 45, wherein the second particle is carbon fiber. 

47. The electron-emitting element according to claim 

45, wherein the second particle is graphite having 
six-membered carbocycle with dangling a bonds. 

25 

48. The electron-emitting element according to claim 
45, wherein the second particle is carbon nanotube. 

49. The electron-emitting element according to claim 
30 45, wherein the first particle is a metal selected from 

the group consisting of Zn, Al, Si, 71, Fe, B, and Mg, 
or an oxide, nitride, or carbide of these metals. 

50. The electron-emitting element according to claim 
35 49, wherein the first particle is tetrapod-like whisker. 

51 . An electron-emitting element comprising: 

a cold cathode member including hybrid parti- 
40 cle made of a first particle and a second parti- 

cle, the first particle being multi-legged particle; 
and 

an electron-transporting member for supplying 
electrons to the cold cathode member; 
45 the cold cathode member and the electron- 

transporting member being provided on a sup- 
porting substrate, 

wherein the first particle has legs, at least one 
so of the legs projecting into the space and the rest of 
the legs being electrically connected to the electron- 
transporting member via their tips; and 

wherein the second particle is conductive and 
is in a vicinity of the legs of the first particle, whereby 
55 an electrical connection between the first particle 
and the electron-transporting member is strength- 
ened. 
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52. The electron-emitting element according to claim 

51 , wherein the first particle is a metal selected from 
the group consisting of Zn, Al, Si, 71, Fe, B, and Mg, 
or an oxide, nitride, or carbide of these metals. 

53. The electron-emitting element according to claim 

52, wherein the first particle is tetrapod-like whisker. 

54. The electron-emitting element according to claim 

53, wherein the second particle is fiber-like particle. 

55. The electron-emitting element according to claim 

54, wherein the second particle is carbon fiber. 

56. An electron-emitting element comprising at least: 

a supporting substrate; 

an electron -transporting member provided on 
the supporting substrate; a bonding layer pro- 
vided on the electron-transporting member, the 
bonding layer being made of a photosensitive 
resin; and 

a cold cathode member fixed to the bonding 
layer; 

wherein the cold cathode member is made of 
hybrid particle including a first particle and a second 
particle. 

57. The electron -emitting element according to claim' 
56, wherein the bonding layer made of a photosen- 
sitive resin contains conductive particle. 

58. The electron -emitting element according to claim 
56, wherein the first particle and the second particle 
have different electron emission efficiencies. 

59. The electron-emitting element according to claim 
56, wherein the first particle is multi-legged particle 
and the second particle is fiber-like particle. 

60. The electron-emitting element according to claim 

59, wherein the multi-legged particle is a metal se- 
lected from the group consisting of Zn, Al, Si, Ti, Fe, 
B, and Mg, or an oxide, nitride, or carbide of these 
metals. 

61. The electron-emitting element according to claim 

60, wherein the multi-legged particle is tetrapod-like 
whisker. 

62. The electron-emitting element according to claim 
59, wherein the fiber-like particle is graphite having 
six-membered carbocycle with dangling a bonds. 

63. The electron-emitting element according to claim 
59, wherein the second particle is carbon nanotube. 



64. An electron -emitting element comprising at least: 
a supporting substrate; 

an electron-transporting member provided on 
5 the supporting substrate; and 

a cold cathode member fixed to the electron- 
transporting member; 

wherein the cold cathode member is fixed by 
10 carbon or a carbonaceous residue to the electron- 
transporting member or to the supporting substrate, 
the carbon or the carbonaceous residue resulting 
from carbonization of a photosensitive resin. 

is 65. The electron-emitting element according to claim 

64, wherein the cold cathode member is made of 
hybrid particle including a first particle and a second 
particle. 

20 66. The electron-emitting element according to claim 

65, wherein the first particle is multi-legged particle 
and the second particle is fiber-like particle. 

67. The electron-emitting element according to claim 
25 66, wherein the multi-legged particle is a metal se- 
lected from the group consisting of Zn, Al, Si, Ti, Fe, 
B, and Mg, or an oxide, nitride, or carbide of these 
metals. 

30 68. The electron -emitting element according to claim 
67, wherein the multi-legged particle is tetrapod-like 
whisker. 

69. The electron -emitting element according to claim 
35 66, wherein the fiber-like particle is graphite having 

six-membered carbocycle with dangling o bonds. 

70. The electron -emitting element according to claim 

66, wherein the second particle is carbon nanotube. 

40 

71. A method of fabricating an electron -emitting ele- 
ment comprising at least: 

forming an electron-transporting member on a 
45 supporting substrate; 

forming a photosensitive resin layer on the 
electron -transporting member; 
patterning the photosensitive resin layer by pat- 
tern exposure and development, whereby the 
50 photosensitive resin layer is patterned in a pre- 

determined pattern; and 
bonding an electron-emissive material to a pat- 
terned photosensitive resin region. 

55 72. The method of fabricating an electron-emitting ele- 
ment according to claim 71 , wherein the electron- 
emissive material is hybrid particle of a first particle 
and a second particle, the first particle and the sec- 
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ond particle having different electron emission effi- 
ciencies. 

73. The method of fabricating an electron-emitting ele- 
ment according to claim 71 , further comprising, be- 
tween the step of patterning and the step of bond- 
ing, performing heat treatment by heating the pho- 
tosensitive resin layer to a temperature equal to or 
above its softening temperature. 

74. The method of an electron-emitting element ac- 
cording to claim 71 , further comprising, after the 
step of bonding, removing an unbonded portion of 
the electron-emissive material. 

75. The method of fabricating an electron-emitting ele- 
ment according to claim 74, wherein the step of re- 
moving is performed by spraying a fluid onto a sur- 
face of the supporting substrate. 

76. The method of fabricating an electron-emitting ele- 
ment according to claim 71 , further comprising, af- 
ter the step of bonding, baking the photosensitive 
resin layer. 

77. The method of fabricating an electron-emitting ele- 
ment according to claim 74, further comprising, af- 
ter the step of removing, baking the photosensitive 
resin layer. 

78. An electron source comprising at least an electron- 
emitting element and a control circuit for controlling 
the electron-emitting element, wherein: 

the electron-emitting element is the electron- 
emitting element in accordance with claim 44. 

79. An image display device comprising at least an 
electron source and an image-forming portion for 
forming images using electrons emitted from the 
electron source, wherein: 

the electron source is the electron source in ac- 
cordance with claim 78. 

80. An electron source comprising at least an electron- 
emitting element and a control circuit for controlling 
the electron-emitting element, wherein: 

the electron-emitting element is the electron- 
emitting element in accordance with claim 51 . 

81. An image display device comprising at least an 
electron source and an image-forming portion for 
forming images using electrons emitted from the 
electron source, wherein: 

the electron source is the electron source in ac- 



cordance with claim 80. 

82. An electron source comprising at least an electron- 
emitting element and a control circuit for controlling 
5 the electron-emitting element, wherein: 

the electron-emitting element is the electron- 
emitting element in accordance with claim 56. 

10 83. An image display device comprising at least an 
electron source and an image-forming portion for 
forming images using electrons emitted from the 
electron source, wherein: 

15 the electron source is the electron source in ac- 

cordance with claim 82. 

84. An electron source comprising at least an electron- 
emitting element and a control circuit for controlling 
20 the electron-emitting element, wherein: 

the electron-emitting element is the electron- 
emitting element in accordance with claim 64. 

25 85. An image display device comprising at least an 
electron source and an image-forming portion for 
forming images using electrons emitted from the 
electron source, wherein: 

30 the electron source is the electron source in ac- 

cordance with claim 84. 

86. A fluorescent lamp comprising at least an electron 
source and a phosphor surface caused to emit light 

35 by electrons emitted from the electron source, 
wherein: 

the electron source is the electron source in ac- 
cordance with claim 78. 

40 

87. A fluorescent lamp comprising at least an electron 
source and a phosphor surface caused to emit light 
by electrons emitted from the electron source, 
wherein: 

45 

the electron source is the electron source in ac- 
cordance with claim 80. 

88. A fluorescent lamp comprising at least an electron 
so source and a phosphor surface caused to emit light 

by electrons emitted from the electron source, 
wherein: 

the electron source is the electron source in ac- 
55 cordance with claim 82. 

89. A fluorescent lamp comprising at least an electron 
source and a phosphor surface caused to emit light 
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by electrons emitted from the electron source, 
wherein: 

the electron source is the electron source in ac- 
cordance with claim 84. 5 

90. The fluorescent lamp according to claim 89, where- 
in an extraction electrode for extracting electrons 
from an electron-emitting element is disposed so as 

to cover an electron emitting portion. 10 

91. A method of forming a pattern comprising at least: 

forming a photosensitive resin layer on a sup- 
porting substrate; *5 
patterning the photosensitive resin layer by pat- 
tern exposure and development, whereby the 
photosensitive resin layer is patterned in a pre- 
determined pattern; 

forming a layer to be patterned on a photosen- 20 
sitive resin region that has been patterned in 
the step of patterning, whereby the layer to be 
patterned is bonded to the photosensitive resin 
region; and 

removing a portion of the layer to be patterned 25 
that has not been bonded in the previous step. 

92. The method of forming a pattern according to claim 
91 , further comprising, after the step of removing, 
burning off the photosensitive resin layer. 30 
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